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1 Introduction 

1.1 Background 

1.1.1 The Project 

1.1.1.1 “The Project” refers to the development of the proposed Hong Kong Offshore Wind 
Farm (HKOWF) in Southeastern Waters of the HKSAR.   

1.1.1.2 The Project will be capable of producing a maximum output of approximately 
200MW of electricity.  The annual production would be approximately 1% of HK’s 
total electricity needs. 

1.1.1.3 The turbines will be arranged in a grid, and each will be affixed to the seabed by a 
foundation consisting of a jacket structure with suction caissons.  The turbines will 
be linked by collection cables to an offshore transformer platform from which 
electricity shall be transmitted to shore via two 132kV cables.  A research mast will 
also be installed to collect data on the offshore environment.  At its closest point, 
the Project would be approximately 9 km and 5km east of the Clearwater Bay 
peninsula and the main Ninepin Islands respectively. 

1.1.1.4 The Project will be constructed over approximately 2 years, and will be serviced 
using local port facilities over its anticipated life-span 20-25 years.  Every year of 

operation it is estimated that the Project would offset approximately*:  

 343,000 - 383,000 tonnes of carbon dioxide. 

 54 - 60 tonnes of Sulphur Dioxide. 

 394 - 440 tonnes of Nitrogen Oxides. 

 14 - 16 tonnes of particulate material. 
 

1.1.1.5 Inspection and maintenance works will be conducted on an ongoing basis, and the 
wind farm will be decommissioned at the end of its working life.  The energy 
required to build a wind farm is typically recovered in the first year of operation, 
thus bringing a net positive effect on greenhouse gas emissions. † 

1.1.1.6 Tendering for Project construction is yet to take place, whilst the rapid pace of 
developments in offshore wind technology mean that Project details may be 
subject to minor modification.  However, this EIA presents a reasonable worst 
case scenario for the assessment of potential environmental outcomes and 
                                                      

*  Based on offsetting predicted emissions from Castle Peak Power station after FGD unit is fitted 

†  Life Cycle Assessment of Onshore and Offshore Sited Wind Power Plants based on Vestas V90-
3MW turbines, June 06, Vestas. 
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impacts. 

1.1.1.7 Project details are presented in Section 2 of the EIA Study Report. 

1.1.2 The Project Team 

1.1.2.1 The Project Proponent for this Environmental Impact Assessment (EIA) Study is 
Hong Kong Offshore Wind Limited (HKOWL) – a 100% subsidiary of Wind 
Prospect (HK) Limited, itself a subsidiary of the Wind Prospect Group; all of which 
shall be referred to as ‘Wind Prospect’ herein. 

1.1.2.2 Wind Prospect (www.windprospect.com) is a leading international vertically 
integrated wind farm development, construction and operation company that has 
worked on over 45 wind farms around the world.  Examples of Wind Prospect 
projects being constructed in 2007 include the 90MW offshore Burbo Bank Wind 
Farm in the UK and over 200 MW worth of onshore wind farms in Europe and the 
Asia-Pacific Region. 

1.1.2.3 Wind Prospect has a proven capability in developing, constructing and operating 
projects in a responsible and sensitive manner.  This is reflected in the 
commitment to achieve and maintain an Environmental Management System 
(EMS) that is ISO 14001 accredited and a high success rate in projects developed.  
The proposed development has benefited from the experience and systems that 
are in place throughout the company. 

1.1.2.4 Wind Prospect always works in partnership with leading local partners and for the 
proposed HKOWF will work with CLP Power Hong Kong Limited (CLP) – the 
HKSAR’s largest energy utility and a leading investor in wind power and other 
clean energy technologies. 

1.1.2.5 The lead consultant for this Environmental Impact Assessment (EIA) Study is BMT 
Asia Pacific Ltd (BMT); part of the BMT Group of companies (www.bmt.org).  BMT 
is a leading international multi-disciplinary engineering, science and technology 
consultancy offering services to clients in range of sectors including the energy 
and marine transportation sectors.  BMT was retained by HKOWL in March 2006 
to conduct the EIA Study and a complementary Marine Navigation Safety Risk 
Assessment (MNSRA) to satisfy the requirements of Marine Department. 

1.1.2.6 The Project Team was supported by specialists from Hyder Consulting Limited, 
Cosine Limited, IGGE (HK) Limited, Asiatic Marine Limited, Urbis Limited, City 
University, Lam Geotechnics Limited, ALS Limited, Hong Kong Coastal Activities 
Centre Limited, E-connect Limited, Strategic Access Limited and Pinsent Masons; 
and also Messers Yu Yat Tung and Wan Po. 
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1.2 Renewable Energy: The Need for the Project 

1.2.1 HKSAR & PRC Government Policy 

“Hong Kong prides itself on being a world city. We flourish on international trade, 
and firmly believe that continued economic growth can only be achieved if we 

protect the environment that sustains us. Protecting against global warming must 
be a team effort…and above all ensuring an environment for our future 

generations to enjoy and in which they can continue to thrive.” 

The Chief Executive of the HKSAR, Donald Tsang, May 2005 

 

1.2.1.1 Sustainable development and protecting the environment for future generations is 
now a cornerstone of Government policies around the world.  Since energy is the 
lifeblood of modern economies, the policy is to encourage renewable energy (RE) 
generation from clean sources in order to: 

 Reduce atmospheric emissions which are both harmful and which contribute 
to climate change; and 

 Meet future demands for energy with diverse and secure supplies. 
 

“Our target is that 1% to 2% of our total electricity supply will come from renewable 
sources by 2012.” 

The Chief Executive of the HKSAR, Donald Tsang, May 2007.* 

 

1.2.1.2 The concept of developing an offshore wind farm in the HKSAR arose following 
the release of the First Sustainable Development Strategy for Hong Kong in May 
2005 which was produced by the Council for Sustainable Development, chaired by 
the CE, Donald Tsang. 

1.2.1.3 After analysing what ‘sustainable development’ means for the HKSAR, including 
investigating the potential for RE deployment, a strategic objective was set to 
supply between 1% and 2% of the HKSAR’s total electricity from renewable 
sources by the year 2012. 

1.2.1.4 The potential for large-scale land-based RE development in the HKSAR is limited 
due to lack of land availability – most land being already developed, under 
conservation protection, and / or simply ill-suited for large-scale deployment of RE.  
This is well demonstrated in the EIA’s recently completed by CAPCO for its 
Commercial Scale Wind Turbine Pilot Demonstration at Hei Ling Chau and Hong 

                                                      
* http://sc.info.gov.hk/gb/www.news.gov.hk/en/category/ontherecord/070531/html/070531en11004.htm 
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Kong Electric for their wind turbine on Lamma Island (http://www.epd.gov.hk/eia/).  
As detailed in section 2, HKSAR offshore waters offer more usable space, and of 
the offshore technologies available, wind power is viable for large-scale 
development. 

1.2.1.5 By aiming to generate approximately 1% of HK’s electricity requirements using 
RE, the proposed Project supports HKSARG Policy. 

 “It is a global wish and common responsibility to take right action to cope with 
challenges posed by environment and energy as well as to achieve sustainable 

development” 

Hu Jintao, President of the People's Republic of China, November 2005. 

 

1.2.1.6 At a National level, in early 2005 China adopted a new Renewable Energy 
Promotion Law to encourage increased use of RE.  In November 2005 Mr. Zeng 
Peiyan, Vice Premier of the State Council, announced that the Government had 
set a target of achieving 15% of power generation from RE by 2020. 

1.2.1.7 By the end of 2007 Chinese installed wind capacity had reached approximately 
6,000 MW.  In April 2008 the National Development and Reform Commission 
recently doubled China’s installed wind capacity target to 10,000 MW by 2010. 
However, indications that annual additional capacity could soon reach around 
8,000 MW means the 2010 target and the 2020 target of 30,000 MW could be 
significantly exceeded.*   

1.2.1.8 Offshore wind energy has been identified as a strategic long term industry with 
significant projects contributing to China’s RE target in a 2012+ timeframe.  At 
200MW the HKOWF would make a significant contribution to the national wind 
energy target as well as being a leading offshore technology project for China. 

1.2.1.9 The remainder of Sub-section 1.2 examines the key issues associated with and 
the benefits of renewable energy in a local and international context, and the 
commitments made both nationally and internationally to limit damage to the 
environment, which together underpin the need for the proposed Project. 

1.2.2 Climate Change 

1.2.2.1 The 1990s were the warmest decade globally over the past millennia and the first 
decade of the 21st Century is expected to be even hotter.  Global carbon dioxide 
concentrations have risen by 30% since the 18th Century and are now increasing 
by 1% per year.† 

                                                      
*
 www.renewableenergyworld.com/rea/news/story?id=52764  

† Presentation by Dr. David Viner, Climate Research Unit, University of East Anglia. 
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1.2.2.2 Evidence indicates that the recent rises in global temperature are undisputable a 
result of the increase in atmospheric gases, like CO2, from human activities, 
principally the burning of fossil fuels for electricity and transport.  The use of RE 
with cleaner sources of traditional energy can help combat climate change. 

1.2.2.3 In October 2006 the findings of the Stern Review: The Economics of Climate 
Change - a major review commissioned by the British Government in 2005 – were 
released.  The Review demonstrates the urgency for substantial action on climate 
change, noting that: 

 “Climate change could have very serious impacts on growth and 
development”; 

 “What we do in the next 10 or 20 years can have a profound effect on the 
climate in the second half of this century and in the next”; 

 “The evidence gathered by the Review leads to a simple conclusion: the 
benefits of strong, early action considerably outweigh the costs”; 

 “…options currently available for de-carbonising energy use in electricity 
generation, transport and industry, all of which are amenable to significant 
further development…. include: onshore and offshore wind…”. 

 

1.2.2.4 In the regional context of the HKSAR and the Pearl River Delta, a recent research 
paper by Civic Exchange titled ‘The Impacts of Climate Change in Hong Kong and 
the PRD’ explores potential local impacts of continued climate change.  The 
research reflects that: 

 Temperature may rise by approximately 3.5oC this Century. 

 Sea levels could rise by 30cm in the next 25 years. 

 Precipitation will increase in variability, leading to years of drought followed 
by years of increased flooding. 

 

1.2.2.5 Such changes would have serious negative impacts, including: 

 Effects on Human Health. Increase mosquito-borne diseases, respiratory 
illness and increasing mortality rates. 

 Effects on Nature. Regional ecosystems, already damaged by 
industrialisation, will suffer imbalance. 

 Impacts on Transport Networks.  Roads, ports and train lines will suffer from 
increased damage and flooding. 

 Impacts on Utilities.  Increased variability of rainfall will put further pressure 
on already strained water supplies across the PRD, while higher 
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temperatures will lead to more air conditioning and a greater energy 
requirement at a time when energy resources are becoming scarcer.  

 

1.2.2.6 In 2007 Hong Kong’s largest utility, CLP, released its Climate Change manifesto 
titled ‘CLP Climate Vision 2050’.  In this document CLP reinforced the need to 
reduce our carbon intensity internationally and locally in Hong Kong.  They see the 
need to reduce the carbon intensity of electricity generation by 75% before 2050.  
Increased use of RE is one of the major components of CLP’s vision. 

 

1.2.3 Energy Security 

“The threat to the world's energy security, especially on oil and natural gas, will 
reach serious dimensions in the next 10 years” 

International Energy Agency (IEA) Chief Economist Dr. Fatih Birol, Dec 06 

 

1.2.3.1 Energy Security is now a major policy issue across the World.  Led by concerns 
over the coming peaking of world oil supply, referred to as “Peak Oil”, nations are 
busy securing long term energy supplies and developing indigenous energy 
supplies.  Peak Oil is the calculation that our finite oil supply is now nearing a peak 
in production, with declining production predicted within years/decades. 

1.2.3.2 As a recently commissioned US Department of Energy report outlines, Peak Oil is 
a reality and the timing of the peak itself is not as important as the impacts that will 
result and the time it will take for cleaner and RE alternatives to be developed. * 

1.2.3.3 Hong Kong is currently 100% dependent on energy imports.  The diversification of 
HKSAR energy utilities from coal and oil into natural gas and nuclear power 
means that the HKSAR has one of the most secure and reliable energy supplies in 
the World.  This is clearly very important given Hong Kong’s obligation to maintain 
a good quality of life for its citizens, and its ambition to attract investment to drive 
the local economy. 

1.2.3.4 Given its limited natural resources, offshore wind can play an important role in 
increasing energy diversity and would become the HKSAR’s principle source of 
indigenous energy. 

 
 
 
 
 

                                                      

*  Hirsch, R.L. et al. (2005). Peaking of World Oil Production: Impacts, Mitigation & Risk Management. 

US National Energy Technology Laboratory. 
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1.2.4 Air Pollution 

“I acknowledge that the title of my remarks – ‘The Air That We Breathe’ – is not 
particularly original…but it is decidedly more optimistic than many of the other 

alternatives I could think of. ‘The Air We Can Taste’ for example” 

Mr. David Eldon, Ex-Chairman HK General Chamber of Commerce.  
                                                           Project Clean Air Conference, November 2006. 

 

1.2.4.1 Air pollution is worsening in the HKSAR. "Boomtown to Gloomtown" is how CLSA 
Asia-Pacific Markets titled a September 2006 report on Hong Kong's declining air 
quality.  This sentiment is shared by many in the HKSAR, resulting in new 
initiatives such as Action Blue Sky and the Clean Air Charter to try and improve 
local and regional air quality.  Figure 1.1 indicates the decline in local visibility 
since 1968 because of worsening air pollution. 

1.2.4.2 Wind power in an electricity network would directly displace an equivalent of fossil 
fuels that are currently used (primarily coal), and would therefore support improved 
air quality.  While the Project would not solve the air pollution problem overnight, it 
would however be a contributor to broader initiatives to return blue skies to the 
HKSAR. 

Figure 1.1 Percentage of Low-visibility Days in the HKSAR  
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1.3 Overview of Global Wind Energy 

"The time for action is now. WWF calls upon the corporate community to support 
and invest in alternate forms of energy to make a difference in the area of climate 

change." 

Mr. Eric Bohm, CEO WWF Hong Kong.                                 
March 2007. 

 

1.3.1.1 Driven largely by concern over climate change, energy security and air pollution, 
wind power is the fastest growing form of electricity generation globally, with an 
annual growth rate in excess of 30%. 

1.3.1.2 By the end of 2007 global wind power installations had reached 94,000 MW. In 
total, this provides enough power to satisfy the needs of around 28 million 
households.*  Figure 1.2 displays this trend. 

Figure 1.2 Trends in Globally Installed Wind Power† 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.3.1.3 An important feature of the wind market is the relentless improvement in 
technology, increasing economies of scale and the resultant improvement in cost 
effectiveness of projects.  Each year wind turbines grow more powerful and 
produce more electricity for less investment. 

1.3.1.4 While the offshore wind market is over a decade old, only in the last few years 
have projects made the transition from demonstration / education to being fully 
commercial.  Wind turbine technology and installation methodologies have now 

                                                      
* Based on 1MW producing enough for around 300 households. 
† BTM Consultant. International Wind Energy Development, World Market Update 2007, March 2008. 
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been developed specifically for the offshore market and there is growing activity 
worldwide and a clear trend towards more projects and larger projects with greater 
geographical diversity, with increasing interest in Asia and North America. 

1.4 Stakeholder Consultation for the Proposed Project 

1.4.1.1 Consultation has been conducted with individuals, groups and Government from 
the Project conception stage.  This broad range of stakeholders has been 
engaged to increase awareness and encourage stakeholder participation and to 
provide valuable feedback on the many environmental and socio-economic issues.  
For example, prior to the submission of the Project Profile a group of over 80 
people representing interested companies, green groups and Government 
attended a workshop introducing the project.  Appendix 1A lists some of the 
stakeholder meetings that have been carried out as part of this EIA study.   

1.4.1.2 The Project Proponent together with CLP has conducted extensive consultations 
with project stakeholders, including: individuals, organisations, Government 
Departments and many others.  The feedback from these consultations has been 
important during the preparation of this EIA Study Report.  Section 12.3 considers 
some of the key issues raised by Consultees and how they were addressed in the 
EIA. 

1.5 EIA Study Objectives 

1.5.1.1 The purpose of this EIA Study is to provide information on the nature and extent of 
environmental impacts arising from the construction and operation of the Project 
and related activities taking place concurrently.  This information will contribute to 
decisions by the Director of EPD on: 

 The overall acceptability of any adverse environmental consequences that 
may arise as a result of the Project and the associated activities of the 
Project; 

 Any conditions and requirements for the detailed design, construction and 
operation of the Project required to mitigate against adverse environmental 
consequences wherever practicable; and 

 The acceptability of residual impacts after implementation of the proposed 
mitigation measures. 

 
Satisfying the aims of the EIA Study has been managed by achieving a number of 
more specific objectives as listed in the EIA Study Brief (ESB-146/2006).  The 
objectives of the EIA study are to: 

 Describe the Project and associated works together with the requirements 
and environmental benefits for carrying out the Project; 
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 Identify and describe elements of community and environment likely to be 
affected by the Project and/or likely to cause adverse impacts to the Project, 
including natural and man-made environment and the associated 
environmental constraints; 

 Consider alternative options with a view to avoiding and minimising the 
potential environmental impacts to ecological sensitive areas in the Mirs Bay, 
Port Shelter, Junk Bay, Eastern Buffer and Southern Buffer Water Control 
Zones and other sensitive uses; to compare the environmental benefits and 
dis-benefits of each of the different options; to provide reasons for selecting 
the preferred option(s) and to describe the part of environmental factors 
played in the selection; 

 Identify and quantify any potential loss or damage and other potential 
impacts to ecology and fisheries resources, flora, fauna and natural habitats 
and to propose measures to mitigate these impacts; 

 Identify and quantify emission sources and determine the significance of 
impacts on sensitive receivers and potential affected uses; 

 Identify and quantify any potential landscape and visual impacts and to 
propose measures to mitigate these impacts; 

 Identify the negative impacts on any historical and archaeological resources 
and to propose measures to mitigate these impact; 

 Propose the provision of mitigation measures so as to minimise pollution, 
environmental disturbance and nuisance during construction and operation 
of the Project; 

 Investigate the feasibility, practicability, effectiveness and implications of the 
proposed mitigation measures; 

 Identify, predict and evaluate the residual environmental impacts (i.e. after 
practicable mitigation) and the cumulative effects expected to arise during 
the construction and operation of the Project in relation to the sensitive 
receivers and potential affected uses; 

 Identify, assess and specify methods, measures and standards, to be 
included in the detailed design, construction and operation of the Project 
which are necessary to mitigate these environmental impacts and 
cumulative effects and reduce them to acceptable levels; 

 Investigate the extent of the secondary environmental impacts that may 
arise from the proposed mitigation measures and to identify constraints 
associated with the mitigation measures recommended in the EIA study, as 
well as the provision of any necessary modification; and 

 Design and specify environmental monitoring and audit requirements to 
ensure the effective implementation of the recommended environmental 
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protection and pollution control measures. 

1.6 EIA Study Report Structure 

1.6.1.1 Following this introductory section, this EIA Study Report has been structured as 
follows: 

 Section 2: Project Description 

 Section 3: Waste & Materials 

 Section 4: Water Quality 

 Section 5: Benthic Ecology 

 Section 6:   Pelagic Ecology 

 Section 7: Avifauna  

 Section 8: Fisheries  

 Section 9: Cultural Heritage 

 Section 10: Landscape & Visual 

 Section 11: Environmental Mitigation Implementation Schedule 

 Section 12: Summary & Conclusion 

 

1.6.1.2 Appendix 1B presents the Study Brief and cross references the sections of the 
report where each issue is addressed. 
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2 Project Description 

2.1 Project Components 

2.1.1 Introduction 

2.1.1.1 The Hong Kong Offshore Wind Farm will be capable of producing a maximum 
output of approximately 200MW of electricity.  The Project components shall 
include: 

 Up to 67 wind turbines; 

 An offshore transformer platform; 

 Sub sea collection and transmission cables; 

 Research Mast 
 

2.1.1.2 The offshore wind farm will be linked by sub sea cables that collect electricity from 
the various turbines, and via an offshore transformer, for transmission to shore. 
Figure 2.1 presents a schematic of the components of a typical offshore wind farm. 

Figure 2.1 Components of a Typical Offshore Wind Farm 

 

Source: UK Department of Trade & Industry (DTI), 2002. 

 

2.1.1.3 Table 2.1 summarises the interaction between the principal project elements and 
the offshore environment. 

2.1.1.4 The potential for adverse impacts is largely associated with Project construction, 
the Project also offers potential positive impacts beyond the clean renewable 
energy to be generated, such as habitat enhancement for the marine ecosystem. 
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Table 2.1 Project Interaction Matrix 
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Cables Cable Protection            

Operation 

Turbine           

Offshore Transformer           

Submarine Cables           

 

2.1.2 Wind Turbines 

2.1.2.1 The Project comprises the installation of up to 67 wind turbines purpose-built for 
the offshore environment.   

2.1.2.2 It is typical in offshore wind farm EIA’s to factor in some flexibility in the final turbine 
choice as turbine technology is progressively advancing, meaning that larger and 
more efficient turbines may become available between completion of planning 
approvals and installation.  Accordingly, while the base scenario for Project 
development assumes that 67 nos. of 3MW turbines shall be installed, the EIA 
Study also allows for installation of a smaller number of larger turbines – in this 
case, 40 nos. of 5MW turbines – that would approximately generate the same 
power. 

2.1.2.3 At the present time a 3MW turbine is most likely to be used, however turbines up to 
5MW are now being commercialised and therefore that option will be considered 
for the Project as an alternative design. Hence, it is the intention to select the exact 
turbine for Project development in the future after completion of a comprehensive 
tendering process that shall take into account environmental, technical and cost 
effectiveness criteria. 

2.1.2.4 Figure 2.2 displays a typical modern wind turbine, and includes dimensions for both 
3MW and 5MW turbine options.   
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Figure 2.2 Configuration of a Wind Turbine on a 4 legged jacket foundation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.1.2.5 A 3MW turbine would be approximately 125m high to the blade tip, while a 5MW 
turbine height to blade tip would be approximately 150m.  Set against the increase 
in turbine height there would of course be a proportional decrease in the number of 
turbines required in the same Project area. 

2.1.2.6 Regardless of the turbine option eventually installed, the dimensions of the marine 
foundation would be roughly the same and hence the construction phase impact 
assessment of marine environment issues (e.g., foundations installation effects on 
water quality and marine ecology) is based on the installation of 67 turbines as a 
worst case scenario.  However, either scenario to install 40 turbines or 67 turbines 
of different dimensions may result in operational phase impacts on bird life (i.e., 
collision risk) or visual sensitivity, and accordingly both scenarios have been 
assessed in detail for these issues in sections 7 and 10, respectively. 

2.1.2.7 The wind turbines would consist of the following components: 

 Tower: a hollow tubular steel tower that supports a nacelle. 

 

 

 

 

 

Hub Height 
5MW = 90m 
3MW = 80m 

Platform  
15m AMSL 

Water Depth 
27-30m 

Clearance 
5MW = 30m 
3MW = 35m 

Blade Length 
5MW = 60m 
3MW = 45m 
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 Nacelle: contains the generator, control equipment and possibly a transformer 
(Figure 2.3 refers). 

Figure 2.3 Inside a Typical Wind Turbine Nacelle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Rotor & Blades: turbine blades on offshore turbines are always designed to 
feather independently to gain greater control and increase efficiency.  They 
capture more wind at low wind speeds and spill wind to protect themselves 
during very high winds. 

 Anemometer: measures wind direction and strength and feeds information to 
the control computer to adjust the blades and nacelle to extract maximum 
power. 

 Controller: a computer controls all aspects of wind turbine operation without 
human input.  Wind farms are typically unmanned, with the controller allowing 
remote access and control.  

 Transformer: to transform the voltage from the generator (690 - 1,000V) to the 
array cable voltage of 33kV.  

Source: 
Vestas 
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 Foundation: secured into the seabed to provide stability for the operating 
turbine. 

Operational Wind Speed 

2.1.2.8 Currently available wind turbines are typically operational in wind speeds of 
between 3 and 25 m/s and will cut out when wind speeds consistently exceed 25 
m/s to prevent damage from excessive wind loading. 

Colour 

2.1.2.9 The colour of the turbines is yet to be finalised, although they are expected to be 
coloured off-white,  orange nacelle tops, and red tip markings on the blades.  
Consultation with relevant authorities will help decide a finalised colour scheme.  
Visual aspects are further discussed in Section 10. 

Airdraft Clearance 

2.1.2.10 The air-draft clearance of the turbine shall be over 30m, depending on the final 
tower height.  This value is at the point where the blade passes the tower at the 
bottom of its rotation.  Since no ship can pass through the turbine tower and the 
blades follow a rotational path, ships will experience a higher air draft in practice.  
For example, 20m from the turbine the air draft clearance would already be some 
5m above the minimum. 

2.1.2.11 In the UK, the Royal Yacht Club (following a survey of yacht mast heights) 
recommends a minimum of 22m clearance at mean high water spring tide, and so 
the proposed clearance is well above this recommendation. This clearance is likely 
to provide a comfortable safety margin for recreational craft and many derrick 
barges – a particular feature of Hong Kong waters. 

Oils & Fluids 

2.1.2.12 Dependent on the turbine type, quantities of mineral lubricating and hydraulic oils 
are typically required as follows: 

 Gear box oil: Approximately 750 –1,000 litres of mineral oil. 

 Hydraulic oil: Approximately 250 litres. 

 Yaw/pitch motor oil: Approximately 20 litres. 

 Transformer oil: Approximately 2,500 litres. 
 

2.1.2.13 The nacelle, tower and rotor are designed so that any leaks are fully contained in 
the structure until they can be properly cleaned up. 
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Turbine Noise 

2.1.2.14 Noise emissions from wind turbines can be separated into two categories: 
aerodynamic and mechanical noise.  Aerodynamic noise occurs when the wind is 
passing the blades, while limited mechanical noise is emitted from the engineering 
components of the turbine such as gearbox and generator. 

2.1.2.15 Whichever turbine is selected, the source power noise will be no greater than 110 
dB (A) at hub height, in accordance with the industry standards.  Given the 
distance separation between the Project and a distance of several kilometres to the 
nearest terrestrial noise sensitive receiver, construction and operational noise is 
not a key issues as regards fixed land-based receivers and is not discussed 
further.  Underwater noise issues are discussed in section 6. 

2.1.3 Offshore Transformer Platform 

2.1.3.1 The proposed Project will require an offshore transformer substation.  The 
indicative location shall be at the south of the turbine array, while the final position 
is to be confirmed on completion of the electrical design and consultation with the 
relevant authorities. 

2.1.3.2 An offshore substation may comprise the following key components: 

 33kV and 132kV switchgear for array transmission and collection voltages. 

 Power transformer(s). 

 Shunt reactor(s). 

 Supervisory control and data acquisition, and communications equipment. 

 Back-up diesel generator and tank. 

 Other auxiliaries and consumables. 
 

2.1.3.3 The turbines and transformer station shall connect via 33kV cables, and the 
voltage at the transformer station shall be increased to 132kV for transmission to 
the CLP electricity grid in Tseung Kwan O. 

2.1.3.4 Boat access points shall be provided and a helipad may be provided for emergency 
use. 

2.1.3.5 The substation shall be placed on a similar foundation type as those use to support 
the turbines and shall be located approximately 15m above mean sea level, with a 
structure approximately 12m high and with a floor area of approximately 30m by 
30m. 
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Oils & Fluids 

2.1.3.6 Dependent on the final design, the offshore transformer station will contain 
approximately the following quantities of oils and fuels: 

 2 x 33 / 132kV transformers, each with approximately 80,000 litres of oil. 

 Diesel tank with approximately 100,000 litres of oil. 
 

2.1.3.7 As with the turbines, any transformer station equipment containing significant 
amounts of oil will be designed so that any leaks are fully contained in the structure 
until they can be properly cleaned up. 

2.1.4 Offshore Cables 

2.1.4.1 Electrical cabling is split into two functions: collection (or array) and transmission.  
The array cables connect a series of turbines and are operated at a distribution 
level voltage, typically 33kV in the HKSAR.  These collection cables connect all of 
the wind turbines to the offshore transformer platform.  The voltage is increased to 
132kV at the offshore substation and then 132kV transmission cables export the 
power to shore. 

2.1.4.2 In order to reduce seabed disturbance and potential maintenance requirements, 3-
core cables are preferred to single core cables and will be used for both the 
collection and transmission cables.  These cables will be buried to between 3-5m 
and in some cases will have additional anchor protection. 

Collection / Array Cables 

2.1.4.3 The total length of collection cable for the Project shall be 40 - 50km. The cable 
type will most likely be sub-sea armoured 3-core copper XLPE cable which is 
approximately 12-15cm in diameter. 

2.1.4.4 The exact layout and distance of the array cables will be decided in consultation 
with the relevant authorities prior to construction.  The cables would be placed in 
such a way to avoid any identified potential objects or sensitivities. 

Transmission Cables 

2.1.4.5 Due to the distance to shore and the specific cable operating conditions, a 132kV 
XLPE 3-core copper steel armoured cable is considered to be the best option. 
However, as a single 132kV cable cannot accommodate the maximum power 
output of the Project or the desire to have a degree of redundancy in the system, it 
is proposed that two such transmission cables are adopted. 

2.1.4.6 Figure 2.5 displays in cross-section a typical 132kV sub-sea cable with integrated 
fibre optic cable which is around 20cm in diameter. 
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Figure 2.4 Typical 132kV Cable Cross Section 

 

Source: Nexans. 

2.2 Site Selection Process 

2.2.1 Introduction 

2.2.1.1 The site selection process is probably the single most important method for 
mitigating potential environmental impacts from a wind farm.  By choosing the right 
site it is possible to largely eliminate many potential impacts before they arise. 

2.2.1.2 The potential for large-scale land-based RE development in the HKSAR is limited 
due to lack of land availability – most land being already developed, under 
conservation protection, and / or simply ill-suited for large-scale deployment of RE.  
This is well demonstrated in the EIA’s recently completed by CAPCO for its 
Commercial Scale Wind Turbine Pilot Demonstration at Hei Ling Chau and Hong 
Kong Electric for their wind turbine on Lamma Island (http://www.epd.gov.hk/eia/). 

2.2.1.3 HKSAR offshore waters offer more usable space, and of the offshore technologies 
available, wind power is viable for large-scale development. 

2.2.1.4 In order to identify a site for the wind farm it was first necessary to undertake a 
comprehensive site selection process involving a synthesis of key design 
requirements and siting constraints.  The site selection conducted for the Project 
included four main tasks, as detailed below. 

2.2.2 Definition of Design Requirements 

2.2.2.1 Initial calculations showed that to achieve the 1-2% RE target set out by the Hong 
Kong Government using offshore wind power it would be necessary to have 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 2 - Page 9 
 
 

between 150 – 400MW (depending on the final site wind speed and turbine 
selection).   

2.2.2.2 Also, experience in Europe shows that, given the need for an offshore transformer 
platform and other fixed costs associated with offshore wind farms, significant 
economies of scale can be gained by looking at projects of at least 150MW.  
Therefore, by looking at a project of at least this size the Project cost of generation 
per unit of electricity could be minimised to consumers. 

2.2.2.3 For these two significant reasons 150MW was set as the minimum project size. 

2.2.2.4 The initial layout therefore consisted of an array of 50 wind turbines of 3MW 
capacity spaced approximately 560m apart. 

2.2.3 Identification of High Level Screening Criteria 

2.2.3.1 There are several factors that need to be considered when assessing the location 
of a potential offshore wind farm, these include: 

 Physical Location: Mean wind speed, water depth, seabed character, sub-
surface geology, coastal processes, and seascape / landscape assessment. 

 Biological Environment: Protected areas, benthic, demersal and pelagic 
marine life, and birds. 

 Human Environment: Utility infrastructure, economic development 
opportunities, tourism / leisure, archaeology, navigation, fisheries, port 
facilities, civil and military aviation, radar facilities (aviation and marine). 

2.2.3.2 Whilst all of the above issues need to be considered, for any given location there 
will be issues that are insurmountable (e.g., water depth too deep to build in) and 
issues that, subject to study and adequate mitigation are surmountable (e.g., 
habitat management). 

2.2.3.3 Marine environment criteria were selected to conduct a site search that 
represented absolute or relative constraints for offshore development.  The criteria 
included: 

 Physical Infrastructure, including: 

i. Bridges and tunnels. 

ii. Proposed / potential reclamation areas. 

iii. Sub sea pipelines & cable routes. 

 Constrained water-spaces, including: 

iv. Existing/proposed marine parks and fisheries protection areas. 

v. Marine disposal grounds. 

vi. Restricted areas. 
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vii. Existing artificial reef deployment areas. 

viii. Marine fish culture zones. 

ix. Log ponds. 

 Shipping lanes, Fairways & Anchorages, including: 

x. Ocean-going vessel traffic routes. 

xi. Local vessel traffic routes. 

xii. Waters in proximity to marine radar installations. 

 Productive fisheries areas, including: 

xiii. Fish culture zones. 

xiv. Fisheries Protection Areas. 

xv. Area with medium to high fisheries productivity. 

 Marine conservation areas, including: 

xvi. Core areas for Chinese White Dolphins. 

xvii. Core areas for Finless Porpoise. 

xviii. Mai Po Marshes 

xix. Key horseshoe crab habitat. 

xx. Areas of high coral value. 

xxi. Other  habitats/species of conservation importance. 

2.2.3.4 It is important to note that the above list is not an exhaustive list of issues 
considered in the site search.  The above list consisted of important environmental 
considerations which could be plotted on a Geographic Information System (GIS).   

2.2.4 Analysis 

2.2.4.1 The various constraints identified were mapped and analysed using a GIS with 
which it was possible to identify potential areas for project development.  Where 
appropriate, buffers were added to some selection criteria. 

2.2.4.2 Figure 2.5 presents the area of the HKSAR waters within the entirety of which the 
site selection process was conducted. 
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Figure 2.5  HKSAR Waters 

 
 

Application of Buffer 

2.2.4.3 To begin with, a 2km buffer was added around all land-masses. This specific 
distance was applied to exclude the potential for impacts relating to: 

 Island Based Ecological Receivers: The most likely sensitive ecological 
receivers are located on islands and coastal shorelines, therefore ensuring an 
adequate buffer early on reduces potential impact from the Project. 

 Operational Noise: A wind farm of this scale would most likely only affect 
residents within 2km of a turbine so ruling out sites too close would be an 
efficient way to eliminate potential noise issues; 

 Water Use: Leisure craft, small fishing vessels and river trade vessels are 
most commonly found within 2km of the coast and therefore ruling out sites 
too close would mitigate potential conflicts 

 Visual Impact: Ruling out sites within 2km of shore would reduce the potential 
for major landscape and visual impacts  

 Low Wind Areas: The output of a wind farm is sensitive to average wind 
speed, and land masses can cause wind shadow, so avoiding areas too close 
to shore is a good way to eliminate the lowest wind speed sites and therefore 
improve the cost effectiveness of a site. 
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2.2.4.4 Figure 2.6 presents the site selection area with the application of the 2km buffer. 

Figure 2.6 HKSAR Constraints Map with 2km Buffer Zone 

 
 

Marine Traffic 

2.2.4.5 An offshore wind farm could interfere with marine operations through either 
physical obstruction, or radar and instrumentation degradation – all very important 
considerations in the busy waters of the HKSAR. 

2.2.4.6 Figure 2.7 displays shipping lanes / fairways and anchorage areas that were 
included as fixed constraints so as to reduce the potential for physical interference 
with marine traffic. 
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Figure 2.7 Marine Traffic Designations 

 
 

2.2.4.7 Figure 2.8 indicates the characteristic density of all marine traffic throughout 
HKSAR waters, including small boats through to ocean-going vessels.   

Figure 2.8 Indicative Marine Traffic Density in the HKSAR 
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2.2.4.8 It is evident that most areas of Hong Kong are subject to some form of marine 
traffic.  To mitigate the potential for the proposed Project interfering with marine 
traffic, only those areas with a low traffic density were considered in the analysis of 
site options. 

2.2.4.9 A Marine Navigation Safety Risk Assessment has been conducted in parallel with 
the EIA Study in order to understand the potential marine risks and to suggest 
suitable management options for the proposed Project.  The approach and key 
findings with respect to Hazard to Life are presented in Appendix 2A. 

Other Marine Interests 

2.2.4.10 As well as marine traffic, other existing and proposed uses and areas that would 
restrict the proposed Project were considered. As displayed in Figure 2.9, such 
areas initially included marine disposal grounds, log-ponds and ‘restricted’ areas. 

2.2.4.11 Consultation with the Civil Aviation Department (CAD) highlighted a constraint in 
eastern waters.  This constraint is designated as Danger Area VHD-11 and CAD 
would object to any development in it.  

2.2.4.12 To this were added other constraints including Marine Parks / Reserves, 
development areas and reclamation areas, displayed separately by Figure 2.10 for 
clarity. 

Figure 2.9 Other Existing Marine Constraints I 
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Figure 2.10 Future Marine Constraints 

 
 

Pipelines and Cables 

2.2.4.13 Existing and proposed pipelines / cables were included as constraints, with the 
application of a buffer, Figure 2.11 presents the result of such constraints mapping. 

Figure 2.11 Existing Submarine Pipelines & Cables  
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2.2.5 Water Depth 

2.2.5.1 Water depth is an important consideration because as water gets deeper 
foundation costs typically increase.  However, only considering the very shallowest 
water greatly limits the scope for assessing potential areas.  Whilst the deepest 
offshore wind turbines developed to date as part of the European DOWNVinD 
program are 2 demonstrator turbines in 45m+ water off the north east coast of 
Scotland, it is generally felt in the industry that 30m is the current commercial limit. 
As such, site selection for the proposed Project assumed a water depth limit of 
30m.  Figure 2.12 displays the constraint on site selection through the elimination 
of all areas deeper than 30m.   

Figure 2.12 Water Depth 

 
 

Ecological Sensitive Receivers 

2.2.5.2 Various ecological sensitive receivers were identified for the constraints mapping 
exercise, including: 

 Coral communities with medium / high abundance 

 Artificial reefs 

 Horseshoe crab / mudflat habitat 

 Core areas for Chinese White Dolphins / Finless Porpoise 

 Migratory seabirds and breeding bird colonies 
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2.2.5.3 Figure 2.13 displays the consolidation of these ecological constraints.  The figure 
also includes the locations of fish culture zones (with 5km buffer), and fisheries 
spawning / protection areas. 

Figure 2.13  Ecological Sensitive Receivers 

 
Migratory seabirds and breeding bird colonies already included in 2km buffer (see Figure 2.6) 

 

2.2.6 Identification of Potential Sites 

2.2.6.1 The output of the GIS-enabled constraints mapping exercise was to effectively 
eliminate from consideration those areas of HKSAR waters where preliminary 
assessment would suggest that proposed Project development is unlikely to be 
environmentally, technically and / or economically viable. 

2.2.6.2 Sites found to be relatively free of constraints after analysis were compared against 
the desired site parameters and were subject to sensitivity analysis in order to 
identify potential ‘show stoppers’ that may render a site invalid.  This aspect 
involved a review of various data / information sources and initial consultations to 
identify and evaluate other constraints, including: 

 Planning constraints 

 Construction constraints 

 Operational constraints 

 Aviation and marine radar locations 

 Aviation constraints 
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 Marine Archaeological considerations 

 Noise considerations 

 Landscape considerations 

 Yantian Port approach channel / port operations 

 Wind speeds and wave heights 

 Fishing resources in Hong Kong to identify areas of least importance 
 

2.2.6.3 The output of this exercise was the identification of three potential areas, as 
discussed under sub-section 2.3. 

2.3 Site Selection Results 

2.3.1 Introduction 

2.3.1.1 Figure 2.14 displays that the output of the analysis task was the identification of 
three potential areas that are relatively free of constraints; namely: 

 South Lantau 

 Mirs Bay 

 Southeastern Waters 

Figure 2.14 Potential HKSAR Sites for Offshore Wind Farm Development 

 

Mirs Bay 

South 
Lantau 

Southeastern 
Waters 
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2.3.1.2 The advantages / disadvantages of each area is discussed in the following sub-
sections. 

 

2.3.2 South Lantau 

2.3.2.1 There are a series of considerations that limit the attractiveness of this area: 

 Insufficient water space for a large contiguous array of turbines. 

 Proximity to fairways / shipping routes. 

 Existing helicopter low flying routes between Hong Kong and Macau. 

 Presence of telecom cables, marine disposal ground and fishing activity. 

 Relatively high density of marine mammals compared to the other areas. 
 

2.3.2.2 For the above reasons, Project development in this area was not preferred. 

2.3.3 Mirs Bay 

2.3.3.1 Considerations that limit the attractiveness of a site in Mirs Bay include: 

 Insufficient water space for a contiguous array of turbines. 

 Proximity to the approach to Yantian Port and potential interference with the 
effectiveness of the marine radar facility at Peng Chau. 

 Proximity to marine ecology sensitive receivers such as the Peng Chau 
Marine Park, inshore fisheries in the NE New Territories  

 Least favourable wind speed conditions due to high terrain (~ 800m) of the 
Mirs Bay catchment. 

 

2.3.3.2 For the above reasons, Project development in this area was not preferred. 

2.3.4 Southeastern Waters 

2.3.4.1 The Southeastern Waters was considered to offer the best potential for a 
commercial scale offshore wind farm development due to the large area of 
contiguous seabed and the relative lack of environmental sensitivity indicated by 
the site screening exercise. 

2.3.4.2 Another core attribute of this location is the high anticipated mean near-sea level 
wind speed, which measured at Waglan Island is the highest in the HKSAR (HKO, 
2002).  Thus, this site offers the best potential to make use of this source of 
renewable energy. 
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2.3.4.3 In order to define a more specific area within Southeastern Waters site, a number 
of criteria were subject to further assessment.  These were: 

1. Grid Connection: To minimise offshore cabling works and electrical loses, an 
area of Southeastern waters closest to Tsueng Kwan O (the most viable grid 
cable connection point) were preferred. 

2. Fishing: Locate the wind farm and alignment of the transmission cable away 
from areas of moderate / high fisheries productivity such as the Ninepin 
Islands. 

3. Marine Traffic: Avoid areas with a high marine traffic density to reduce potential 
impacts on marine navigation safety. 

4. Marine Radar: Orienting the turbine area with respect to the radar facilities at 
Waglan Island and Ping Chau to avoid significant radar shadowing where 
possible. 

5. Visual Sensitivity: Locating the turbine area at the maximum distance from 
inhabited coastline viable to minimise its impact upon visual sensitive 
receivers.  

6. Wind Direction: Orienting the turbine area such that it could take advantage of 
the prevailing wind direction. 

7. Mud Dump: Orienting the turbine area such that it was out of the existing and 
still active mud dumping ground.  This would reduce potential impact since the 
area would be subject to large and regular habitat disruption. 

8. Aviation Constraints: Avoiding area “VHD 11” which has restrictions on 
infrastructure development in eastern waters. 

9. Ecology: Avoid areas with sensitive or ecologically important habitats/species. 
 

2.3.5 Site Selection Summary 

2.3.5.1 Table 2.2 summarises the relative constraints of the three short-listed site areas. 
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Table 2.2 Constraints Summary for the Short-listed Site Options 
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2.4 Site Refinement and Layout 

2.4.1 Introduction 

2.4.1.1 Before finalising the wind farm layout it is necessary to select a wind turbine as a 
reference base case because: 

 Turbine spacing is a function of the rotor diameter of a turbine. 

 Wind farm output is a function of the type and number of turbines. 

 The environmental and economic aspects of the Project are a function of the 
number and type of wind turbine. 

2.4.2 Turbine Class & Layout 

2.4.2.1 In general, in an offshore context, it is preferable to have fewer larger wind turbines 
as this improves project economics and limits environmental impact by reducing 
the Project ‘footprint’. 

2.4.2.2 As introduced in section 2.1.2, current offshore turbine capacity ranges from 3MW 
to 5MW.  The 3MW class has been widely adopted while the 5MW class is only just 
now being commercialised.  At present it is unknown if 5MW class turbines will be 
commercially available for the Project, and hence the EIA Study has adopted the 
3MW class turbine as a base case but has also assessed the issues of adopting 
5MW turbines as an alternative. This strategy of making allowance for advances in 
offshore wind technology allows necessary flexibility for Project development. 

No apparent constraints No major constraint / 
Can likely be mitigated 

Major constraint / Mitigation 
will be difficult 
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2.4.2.3 Figure 2.15 displays a 3MW class turbine that represents the turbine base case. 

Figure 2.15 3MW Turbine at Kentish Flats Wind Farm, UK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Elsam. 
 

2.4.2.4 By selecting a 3MW class turbine with a 90m rotor diameter it is possible to fix the 
initial spacing between the turbines at 540m and thus develop an indicative Project 
layout.  Turbines must be spaced a certain distance apart to reduce interference 
between them which could lead to reduced power output and increased wear and 
tear. 

2.4.3 Turbine Array Alignment 

2.4.3.1 Having decided on the general site area and suitable turbine class and spacing, an 
initial layout for the proposed Project was developed that formed the basis of the 
Project Profile submitted on the 3rd April 2006 along with an application for an EIA 
Study Brief (ESB 146/2006).  This layout, displayed in Figure 2.16, was based on 
50 x 3MW turbines to generate a total maximum output of 150MW. 
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Figure 2.16  Site Layout 1, March 2006 

 

2.4.3.2 After some initial EIA work and consultations it was decided that the Project could 
be expanded from 50 to 60 turbines without significantly increasing the 
environmental impact, whilst significantly increasing the Projects output.  This initial 
work also suggested that the Project could be moved further to the southeast in 
order to increase the distance from identified potentially sensitive receivers.  At this 
stage the number of turbines was limited to 60 (180MW) as it was believed that this 
was the limit on the grid connection capacity. 

2.4.3.3 Having studied the wind data from Waglan Island and from satellite derived data 
sets, the turbines were re-arranged in a regular grid pattern; spaced at intervals of 
450m in a NW/SE direction and 630m in an NE/SW direction.  The layout change 
would achieve several objectives: 

 Increase renewable energy generation by ~20% by increasing the number of 
turbines. 

 Increase the array efficiency by aligning turbines into rows to complement the 
predominant wind direction. 

 Increase the site distance from the Ninepins Islands and Basalt Island without 
moving closer to Victor Rock (a submerged rock outcrop), thereby further 
diminishing the potential for marine ecology impacts. 
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 Increase the site distance from shore without increasing the angle of visibility 
from shore, thereby further reducing its potential for visual impact. 

 

2.4.3.4 Figure 2.17 displays the revised arrangement. 

Figure 2.17 Site Layout 2, June 2006 

 
 

2.4.3.5 After further EIA work and consultations and detailed electrical grid studies it was 
decided to expand the proposed Project, from 60 to 67 turbines along the far 
southeast corner, and to change the alignment slightly. 

2.4.3.6 This change would increase the generation of clean energy by a further 10%, and 
as the turbines added were to the far southeast of the site away from coastal / 
marine sensitive receivers it was considered there was a low increase in potential 
environmental impacts.  Figure 2.18 displays the finalised layout of the turbine 
array. 
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Figure 2.18 Final Site Layout 

 
 

2.5 Transmission Cable Routing  

2.5.1.1 The collection cables connect a series of turbines and are operated at a suitable 
distribution level voltage, such as 33kV.  These cables connect to an offshore 
transformer that increases the voltage to 132kV for relaying to shore via one or 
more transmission cables. 

2.5.1.2 The collection cables would not leave the site and therefore are not considered 
further as part of the transmission cable landing options.  For the transmission 
cable(s) it was necessary to select a route and landing point that struck the right 
balance between environmental sensitivity and cost effectiveness. Figure 2.19 
displays four cable landing options that were considered, while Table 2.3 
summarises the key issues for each option. 
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Figure 2.19 Transmission Cable Landing Options  

 
 

Table 2.3 Key Issues for Transmission Cable Landing Site Options 

Option Landing Site Issues 

1 Port Shelter 
Would need to pass through the environmentally sensitive Port Shelter, 

including through a proposed Marine Park. 

2 
Clearwater Bay 

Peninsula 

Requires laying a 132kV cable under Clearwater Bay Road, which is 
undesirable due to service congestion.  The site would also be beside 

a popular recreational beach, and near a proposed Marine Park. 

3 TKO Area 137 
Requires laying a 132kV underground cable from Area 137 to the 
existing substation.  Service congestion constraints along Wan Po 

Road would not allow additional cable work to be completed. 

4 Junk Bay 

The western side of the Bay presents the best connection to the grid.  
Discussion with CLP confirmed the grid location was able to handle the 
predicted electricity to be generated by the Project and was unlikely to 

be environmentally sensitive, being reclaimed land. 
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2.5.1.3 In order to connect into the western area of Junk Bay (Tsueng Kwan O) it is 
necessary to land the cable at an appropriate location and then to run standard 
underground cables to the appropriate CLP grid connection. 

2.5.1.4 Figure 2.20 displays the selected cable landing area at the west of Junk Bay 
(Tseung Kwan O).  The landing point is a small area of reclaimed land free from 
existing services and from which access can be gained to the existing CLP 
network.   

2.5.1.5 The onshore works will consist of a small underground cable connection pit (Figure 
2.20a) of dimension approximately 2m wide, 3m long and 1m, deep and then 
underground cabling to the appropriate CLP grid connection.  There is no need to 
build a substation or other structure at the cable landing point. The area of the pit 
and underground cabling will be fully reinstated after installation. As the proposed 
cable connection pit will be constructed on reclaimed land (Figure 2.20b), no 
natural terrestrial habitat or terrestrial habitat of conservation importance will be lost 
or affected.    This work is very well understood in HK and is unlikely to cause 
significant environmental impact.  This is not considered further in this EIA. 

2.5.1.6 Figure 2.20a Typical Cable Connection Pit 
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Figure 2.20b Proposed Cable Landing Site at Tseung Kwan O 

 
 

2.5.2 Transmission Cable Alignment Options 

2.5.2.1 The alignment from the proposed wind farm to the cable landing area was selected 
after taking into consideration: a series of constraints including: 

 Designated Traffic Separation Schemes (TSS) 

 Dumping Sites 

 Aquaculture & Artificial Reef Areas 

 Submarine Pipeline & Cable Utilities 

 Known Wrecks 

 Exclusion Area around the Ninepins (exclusion to avoid key coral/fishing area) 

 Anchorage Areas 

 Potential Hong Kong Electric Site 

 Location of substation within wind farm 
 

2.5.2.2 The consolidation of these constraints is illustrated in Figure 2.21. 
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Figure 2.21  Consolidated Constraints  

 
 

2.5.2.3 Figure 2.22 displays how the exclusion of these constraints enables the 
identification of available cable corridors. 

Figure 2.22  Available Cable Corridors 
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2.5.3 Cable Alignment Options 

2.5.3.1 Figure 2.23 displays the four cable corridors that have been examined. 

Figure 2.23 Available Cable Alignments 

 
 

2.5.3.2 It is identified that none of the alignments are entirely free from constraints and 
cable / pipeline crossings are required for all four options.  The options are broadly 
of a similar length. 

2.5.3.3 Option 3 has four utility crossings, and passing north of Tung Lung Chau would 
require laying the cable over rock in the narrow gap between Tung Lung Chau and 
the Clearwater Bay peninsular.  As such it is not preferred. 

2.5.3.4 The shortest options with only 3 utility crossings are option 1 and option 4 that pass 
south of Tung Lung Chau.  As the cable leads to a transformer platform, and there 
is a desire to minimise visual impact from all coastal sensitive receivers, a site for 
this platform at the south of the turbine array is desirable.  As such, the option 1 
alignment was preferred. 

2.5.3.5 Figure 2.24 displays the proposed transmission cable route, while Figure 2.25 
displays details of the proposed landing approach of the transmission cable at Junk 
Bay. 
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Figure 2.24 Transmission Cable Route  

 
 

Figure 2.25 Transmission Cable Route on entry to Tseung Kwan O 
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2.6 The Baseline Site and Alternative Site Design 

2.6.1.1 Combining the site selection outlined in section 2.4 together with the transmission 
cable routing process outlined in section 2.5 it was possible to form a baseline 
scenario for the EIA Study.  Figure 2.26 displays the baseline site option, including 
the tentative location of the transformer platform within the array.  

Figure 2.26  The Baseline Wind Farm Site and Cable Route Alignment 

 

2.6.2 Proposed Hong Kong Geopark 

2.6.2.1 The proposed Geopark in Hong Kong was a late stage addition to the wind farm 
site selection and cable alignment selection exercise.  

2.6.2.2 The Geopark programme, initiated by United Nations Educational, Scientific and 
Cultural Organization (UNESCO), defines a geopark as a “geological site of special 
scientific significance, rarity or beauty; together with geological significance, these 
sites must also have high archaeological, ecological, historical or cultural value”.  

2.6.2.3 Hong Kong’s Chief Executive announced in his 2008 policy address that Hong 
Kong’s first Geopark would be established,”with a view to better conserve our world 
class geological landscapes as well as promote geoeducation and geoscience 
popularization.”  

2.6.2.4 The proposed Geopark will include two regions and eight areas in the northeastern 
New Territories and Sai Kung. Land areas will be designated as Special Areas 
under the Country Parks Ordinance including the Basalt, Bluff Islands, Wang Chau 
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and Ninepins Islands. The waters around the above islands will be designated as 
marine parks under the Marine Parks Ordinance.  

2.6.2.5 Figure 2.27 presents the proposed locations of the Geopark regions and areas. At 
present, the marine park boundaries are not yet fixed, however, a buffer area 
(marked in green and red dotted lines in northeastern waters and the Sai Kung 
region respectively) has been delineated to provide adequate protection to 
Geopark. Any construction work within the buffer areas is to be avoided. 

Figure 2.27 Location of the Proposed Geopark and Wind Farm Features 

 
After reviewing the site selection constraint mapping exercise it was determined 
that the proposed Geopark regions were already excluded from consideration as 
they overlapped existing constraints, in particular the 2km buffer around coastlines. 
Figure 2.27 shows that neither the proposed wind farm site nor the proposed cable 
alignment (including the approximately 60m wide cable jetting works area) fall 
within the buffered areas and remain more than 1km away from the buffered area 
at all points. This confirms that no modification to the site selection or cable 
alignment exercises is necessary  

2.6.2.6 Representative photomontages of the windfarm from the Geopark are presented in 
Figures 10.10 and 10.16. 
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2.6.3 Alternative Site Design 

2.6.3.1 As referred earlier, a potential alternative layout comprising 40 nos. of 5MW 
turbines has also been considered in case such turbines become commercially 
available in the future. 

2.6.3.2 This layout represents the maximum size of potential turbines and it could be that a 
compromise in Project layout and design between the 3MW and 5MW turbine 
scenarios is finally settled upon (e.g., 50 nos. of 4MW turbines which are 135m to 
tip height). 

2.6.3.3 Regardless of the final size of turbine, the number of turbines and their size 
changes in proportion to the number needed since the site capacity is restricted to 
a power generation capacity of approximately 200MW.  This restricts potential 
environmental impacts to being between the two potential site extremes (either the 
most number of smallest turbines or the least number of largest turbines). 

2.6.3.4 The layout of 40 nos. of 5MW turbines is based on the same Project area as 
proposed for the 3MW layout, but incorporates an appropriate turbine spacing of 
630m in a NW/SE direction and 890m in an NE/SW direction.  The length and 
alignment of the associated transmission cable would be unchanged. Figure 2.28 
displays the layout of the alternative site design. 

Figure 2.28 Alternative Wind Farm Site Design 
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2.7 Construction Options and Method Selection 

2.7.1 Introduction 

2.7.1.1 This section considers the construction options methodology to be employed for 
the Project, and serves as the basis to review potential construction phase 
environmental impacts. 

2.7.1.2 As previously identified, technological development is a constant feature of the 
rapidly developing offshore wind industry.  Due to these advances in technology 
and installation methods it could be that lower impact methods and techniques 
become main-stream in the years between project planning / EIA stage and 
detailed design and construction.  However, for the purposes of this EIA, a 
reasonable base-case construction scenario has been assumed. 

2.7.1.3 The detailed technical impact assessments and evaluations, Section 3 of the EIA 
Report onwards, have been conducted against this reasonable base case scenario 
so as to assess impacts and propose applicable mitigation measures. 

2.7.2 Foundation Options  

2.7.2.1 Table 2.4 summarises the foundation options, where the “foundation” proper is the 
element that penetrates into the seabed and the “substructure” links the foundation 
with the “superstructure” via a transition piece. 

2.7.2.2 Figure 2.29 illustrates the basic configuration of a jacket structure as an example. It 
is anticipated that the same foundation concept shall be applied for turbines and 
the transformer platform. 

Figure 2.29 Foundation & Substructure Elements 

 
Superstructure 
 
Transition Piece 
/Platform 
 
 
 
Substructure 
 
 
 
 
Foundation 
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Table 2.4 Foundation & Substructure Options 

Water Depth (m) Concepts for Substructure Concepts for Foundation 

0-25 Mono tubular type Pile, suction caisson, gravity base 

> 25 Jacket/Tripod type Pile, suction caisson, gravity base 

 

Pile Foundation 

2.7.2.3 Piling is a well-known method and has been widely adopted for installation of 
offshore wind farms to date.  For this method, one or more large steel tubular piles 
(2 – 5m in diameter for mono-piles and 1-2m in diameter for jacket driven piles) are 
driven into the seabed, as indicated by Figure 2.30. 

2.7.2.4 The penetration depth would be designed to suit the environmental and soil 
conditions but would typically range from 20 to 40m.  Scour around monopiles has 
occurred in shallow waters due to an increase in seabed velocity and erosion 
during wave action, and rock placement or grout mattresses are typically used to 
control this.  Initial studies conducted for the HKOWF show that geological 
conditions would not be conducive to using piling. 

Figure 2.30 Pile Foundations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Suction Caisson Foundation 

2.7.2.5 Recent research has highlighted a number of potential advantages of lightweight 
suction caisson foundations for the offshore wind industry.  This type of foundation 
uses either a concrete or steel caisson (shaped like an over-turned bucket) that 
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sinks into the seabed through a combination of its own weight and a differential 
pressure gradient resulting from applied suction. The suction caisson installation 
process produces no significant impacts on water quality. The water quality 
monitoring report of a suction caisson installation field trial at the wind farm site in 
June 2008 noted that, “no significant increase in turbidity and suspended solids 
values was observed during and after the installation works,” and concluded that 
“no significant adverse impact on water quality was induced by the installation 
(Cinotech, 2008).” Figure 2.31 displays the concept. 

Figure 2.31  Suction Caissons Foundations 

 
 

2.7.2.6 This type of foundation requires little or no site preparation. Initial studies show that 
the proposed Project site has suitable seabed conditions for this foundation type. 

Gravity Type Foundation 

2.7.2.7 The concrete gravity foundation has been successfully used on a number of 
offshore wind farms in Europe.  This type of foundation is similar to that used for 
onshore turbines where it relies on the sheer weight of a large base of concrete to 
hold the turbine in place.  Figure 2.32 displays the concept. 

Figure 2.32 Gravity Base Foundation  
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2.7.2.8 This type of foundation requires seabed preparation and needs to be placed on 
stable and strong ground, whereas the seabed at the proposed Project site mostly 
comprises soft mud to at least 10m depth.  As a significant volume of sediment 
would need to be excavated prior to foundation installation, this foundation type is 
not preferred due to the potential environmental impact. 

2.7.3 Substructure Options 

Mono Tubular Substructure 

2.7.3.1 This type of substructure is usually a 4-7m diameter tubular steel section.  If the 
pile is chosen as the foundation concept, the substructure will be the extension of 
the pile above the seabed, this is referred to as a monopile illustrated in Figure 
2.33 (a).  This single tubular section can also be used together with a caisson type 
foundation and is called a ‘monopod’, as shown in Figure 2.33 (b). 

2.7.3.2 This type of superstructure is simple, however, in deeper water or with very large 
turbines it may not be a practical or efficient option as the diameter of the pile may 
become very large and exceed the limitations on the size of equipment that exists 
to manufacture, transport and install such large diameter piles. 

Figure 2.33  (a) Monopile Concept and (b) with Caisson 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jacket / Tripod Substructure 

2.7.3.3 The jacket / tripod concept consists of a 3 or 4 legged structure made of cylindrical 
steel tubes as illustrated in Figure 2.34. The jacket can have either vertical or 
inclined legs, and the base width can be adjusted to suit actual site conditions.  

2.7.3.4 This concept is widely applied in the offshore oil & gas industry, and has recently 
been adopted by the Beatrice Wind Farm Demonstrator Project in the UK where 4 
leg jackets were used to support 5MW turbines. 

 

Source: courtesy of 
www.offshorewindenergy.org Source: Vestas A/S 
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Figure 2.34 (a) 3-leg tripod with piles / caisson and (b) 4-leg Jacket  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.7.4 Evaluation of Foundation & Substructure Options 

2.7.4.1 A preliminary review of the foundation options was completed to assist the EIA 
Study. Table 2.5 summarises the relative technical and environmental benefits and 
disbenefits of each option. 

Table 2.5 Summary of Foundation & Substructure Options 

Type 
Technical and Environmental 

benefits 
Technical and Environmental 

Disbenefits 

Pile 
Foundation 

Well understood and proven technique 

No seabed preparation required 

Underwater noise from piling can impact 
pelagic species 

May not be feasible in deep water / 
shallow rock-head sites 

Suction 
Caisson 

Foundation 

Less marine plant required 

Easy to commission and decommission 

No seabed preparation, piling or 
dredging required 

No major disbenefit 

Gravity Base 
Foundation 

Well understood and proven technique 

 

Significant amounts of dredging and site 
preparation works can impact water 
quality and therefore affect ecology 

Unlikely to be economically viable 

Monopile 
sub-structure 

Well understood and proven technique 

Small structure 

Not technically feasible at site due to 
water depth/ground condition 

combination 

Tripod / 
jacket sub-
structure 

Complex structure allows for more 
marine growth 

Suitable for water depth at site 

No major disbenefit 

 
 

 

Source: courtesy of 
www.offshorewindenergy.org 

Source: courtesy of Beatrice Wind 
Farm Demonstrator Project 
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2.7.4.2 It can be seen from Table 2.5 that suction caisson foundations represent the least 
impact option.  Gravity foundations would require significant ground preparation 
and dredging, whilst pile foundations would create more noise impact through 
hammering and driving.  For this reason the suction caisson foundation is the 
preferred solution and will be adopted as the ‘base case’ for Project development.  

2.7.4.3 For the suction caisson substructure options, a 4-legged jacket would have 
marginally higher impact (due to being slightly larger with one extra suction 
caisson) than a 3 legged tripod / jacket and has therefore been adopted as the 
base case option for this EIA Study. 

2.7.4.4 Opportunities to adopt improved foundation designs will be considered during the 
detailed tendering for the Project and the exact foundation option selected will be 
submitted to the relevant authority for approval prior to construction. 

2.7.5 ‘Base Case’ Development Scenario: Jacket with Suction Caisson Foundation 

2.7.5.1 The jacket substructure with suction caisson foundation is suitable for installation at 
the proposed Project site.  Indicative dimensions are as follows: 

 Each suction caisson diameter: ~ 12 - 15m 

 Substructure + foundation weight: 1,000 - 1,300 tonnes 

 Seabed penetration: ~ 12m (incl. ~ 5m self-weight penetration) 

 Overall height:  ~ 57m (12m penetration + 30m water depth + 15m above 
mean sea level) 

 Overall width: ~30m at base tapering off to 5-10m at sea level 

2.8 Installation of Components 

2.8.1 Introduction 

2.8.1.1 The following section presents an overview of anticipated construction operation 
based on prior experience at offshore wind farms in Europe, and oil & gas 
operations worldwide. 

2.8.1.2 It should be noted that the project will not require major manufacturing of 
components in Hong Kong.  Components will be prefabricated overseas and on the 
mainland and imported to Hong Kong.  On the quay side or in approved yards 
some major components may require assembling, but this will be limited to the use 
of bolts and minor welding.  There will be no significant waste arising from the 
assembly process.  This aspect is further discussed in section 3. 
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2.8.2 Installation of Foundations 

Wet Tow to Site 

2.8.2.1 After completion of the jacket substructure fabrication at a shipyard in Southern 
China, or elsewhere in the region, suction pump skids are installed on top of the 
suction cans.  A crane would then be used to lower jacket substructure with suction 
cans into the sea.  If required, auxiliary flotation tanks would be installed to assist 
floatation of the jacket substructure in case the buoyancy of the sealed structure 
alone is insufficient.  The jacket substructure would be towed to site by tug boats.  

2.8.2.2 Once the jacket substructure arrives at the site, it would be positioned by the tug 
boat(s).  A heavy lift vessel (HLV) with a crane would be positioned ready to lift the 
semi submerged jacket substructure in horizontal position and in conjunction with a 
suitable ballasting systems the jacket substructure would be upended and lowered 
into place 

2.8.2.3 Alternatively, if the jacket can be floated to the site in a vertical position, the jacket 
substructure can be lowered to the seabed by using suitable ballast systems, thus 
precluding the need for a crane vessel. Figure 2.35 displays this concept. 

Figure 2. 35 Wet Tow and Self-Installation of a Tripod Substructure using 
Suction Caisson Foundation  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Source: SPT Offshore 
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Dry Tow to Site 

2.8.2.4 The jacket substructure will be tied down on a flat top cargo barge and towed out 
by a number of tugboats.  When the jacket substructure arrives at the site, the 
jacket substructure will be lifted by the HLV crane and lowered down to the seabed 
in a controlled manner. 

2.8.2.5 Alternatively, the jacket substructure can be connected to the HLV crane at port 
before sailing.  Buoyancy tanks can be used to reduce the lift load.  The HLV may 
be towed to site by a number of tugboats if it is not self-propelled.  The Jacket 
substructure can then be lowered down to the seabed directly by the crane of the 
HLV. 

Installation 

2.8.2.6 After the suction cans touches down on the seabed, they are allowed to penetrate 
the seabed under their own weight with the vent valves left open.  Once they have 
penetrated as far as they can under their own weight, the vent valves would be 
closed and the water trapped within the suction cans would be pumped out by the 
suction pumps installed on the top of the suction cans in a controlled manner. 

2.8.2.7 The suction pressure applied will reduce the pressure within the suction cans and 
this will create a downward water pressure differential which will force the cans to 
penetrate further into the soil. Figure 2.36 shows the stages of a suction caisson 
installation. 

Figure 2.36a Suction Caisson Installation Steps  

 

Source: Arup 
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2.8.2.8 The total amount of water expected to be pumped out of each foundation 
(comprised of 4 suction caissons) is not expected to exceed 8,500m3 and the 
pumping rate would not exceed 300 m3 / hour per pump, or 1,200 m3 / hour per 
foundation.  The process does not produce any significant noise or vibration. 

2.8.2.9 Industry experience shows that the controlled penetration of the foundation can be 
managed at a slow rate (approx 2-10m/hr).  This means that the seabed within the 
foundation is not being significantly perturbed, and consequently the water being 
pumped out of foundation is mainly seawater, without significant sediment content.  
For this reason it is not necessary to filter the seawater being removed from the 
foundations during the controlled pumping. This has been verified during an onsite 
trial conducted in May 2008.  Further details are presented in section 4. 

2.8.2.10 Once the suction cans reach the design penetration depth, the installation is 
complete.  After full penetration of the suction can, suction is stopped and all vents 
can be sealed. The suction pump skids will be undocked and lifted back to the 
construction vessel for transfer back to port for the operation to begin again. 

Installation Monitoring and Control 

2.8.2.11 The jacket substructure installation would be monitored and controlled by specialist 
instrumentation equipped with the suction pumps such as pressure sensors, 
seabed elevation reference sensors, inclinometers, echo sounders etc.  The 
applied suction pressure, penetration depth, movement of the soil plug within the 
suction cans, X-Y inclination of the jacket substructure would be displayed in real-
time, and monitored. 

2.8.2.12 It is anticipated that it will take around 1-2 days to complete each foundation 
installation including tow out time and this will be repeated approximately 68 times 
for the Project.    

Suction Caisson Test in Hong Kong 

2.8.2.13 In May 2008, project partner CLP led on the testing of a suction caisson at the 
proposed project location.  The test was carried out under the supervision of 
various Government Departments, including the Buildings Department (structural 
aspects) and EPD (environmental aspects). 

2.8.2.14 The test involved the installation of a full scale suction caisson foundation.  The 
foundation was left for 45 days and then removed.  During the installation water 
quality sampling and video monitoring was carried out to inform the EIA water 
quality modelling assumptions.  Building Department was also there to verify the 
tension test carried out to verify load bearing parameters - all of which met or 
exceeded design requirements. 
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Figure 2.36b Suction Caisson Installation in Hong Kong 

 

 

 

 
 
 
 
 
 

2.8.3 Installation of Wind Turbines 

2.8.3.1 The turbines and towers are expected to be manufactured in Mainland China or 
overseas and shipped to Hong Kong directly or through an interim port.  These 
components shall be installed by one of two methods.  The most likely method is 
that they will be loaded onto a heavy lift vessel (HLV), barge or jack up, about 4 – 6 
at a time. 

2.8.3.2 Figure 2.37 displays a heavy lift operation for turbine installation in Europe. 

Figure 2.37 Turbine Installation from a Heavy Lift Vessel 

 

Source: Vestas A/S. 

 

2.8.3.3 The HLV will manoeuvre into position alongside the installed foundations and lift 
the turbine sections into place.  There will typically be 3 or 4 lifts per turbine, 
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starting with the tower section (in one or two pieces) followed by the nacelle with 
two blades preinstalled and then the final blade.  Experience has shown that the 
HLV can manoeuvre, position and erect an entire turbine unit within 2 working 
days. 

2.8.3.4 On completion, the HLV will move to the next location and repeat the process.  In 
total this will be repeated up to 67 times, with the vessel returning to the designated 
port to “reload”, as required. 

2.8.3.5 The alternative method, which is still being commercialised, would see the turbines 
being erected on top of the foundation and then wet towed to the site as outlined in 
section 2.8.2.1. 

2.8.4 Installation of Offshore Transformer Station 

2.8.4.1 The offshore transformer station shall be manufactured and fitted-out prior to being 
positioned on a barge / HLV for installation.  The HLV may be the same unit used 
for the foundation and tower installation, or more likely it will have a larger lifting 
capacity and will be specially brought in for the transformer lift.  The total weight of 
the station will be in the order of 700 – 1,200 tonnes, and it will be lifted in a single 
operation. 

2.8.5 Installation of Cables 

Cable Protection and Burial 

2.8.5.1 The sub sea cables must be protected in order to prevent damage from anchors 
and other potential objects.  This is generally achieved by burying the cable to an 
appropriate depth and using cables with in-built amour protection.  In some cases, 
where anchor damage is believed to be a high risk, additional protection above the 
cable may be desirable. 

2.8.5.2 Studies of anchor damage risk specifically conducted for the Project by BMT 
indicate that it will be necessary to provide additional protection for the section of 
the transmission cable in Tseung Kwan O.  Figure 2.38 displays the cable section 
which is approximately 3km long. 

2.8.5.3 For the remaining transmission cable and all of the array cables the study indicates 
that burial of 3 and 5 metres will provide sufficient protection.  The two transmission 
cables will be buried approximately 50m apart within the 200m surveyed corridor, 
except in the area within TKO and rock anchor protection where they will be buried 
in the same trench. 
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Figure 2.38 Extent of Rock Anchor Protection  

 

Installation of Transmission Cable with Extra Protection 

2.8.5.4 One of two methods may be adopted for anchor protection in Junk Bay, with the 
preferred method to be subject to study by the work contractor before construction. 

Method 1: Rock Amour Protection  

2.8.5.5 The cable burial method will involve the dredging of a trapezoidal trench 
approximately side slope 3m deep.  The volume to be dredged will be 
approximately 135,000m3 (a trapezoid with 1/4  side slope gradient, 3m wide at the 
bottom and 27m at the top and 3km long).  

2.8.5.6 The work would be undertaken mainly by two grab dredgers typically using an 11 
m3 grab with a protecting silt screen.  Marine mud would be extracted by grab 
dredging followed by backfilling with rocks.  The marine mud disposal is discussed 
in more detail in section 3.  The cable segment (cable size of approximately 200 
mm in diameter) will be laid from a barge.  As the cable approaches the landing 
point the cable end will be fed by divers into a cable duct entrance (to be covered 
in a separate submission as part of the onshore cable works). 

2.8.5.7 The dredging rate is not expected to exceed 6,300 m3 per day for the grab dredger. 
The total volume of dredged materials is expected to be no more than a total of 
135,000 m3. 

2.8.5.8 Once dredging is complete the cables will be laid and then the rock armour 
protection will be placed in a controlled manner such that the top of the trench is 
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level with the seabed to avoid creating an obstruction on the seabed.  Figure 2.39 
illustrates the cross-section of a typical rock armour protection. 

Figure 2.39 Typical Rock Protection for Large Anchor Protection 

 

 
 

Method 2: Concrete Slab Protection  

2.8.5.9 In this method the cables are first jetted 3-5m into the seabed (the jetting method is 
explained in more detail in the next section) before having concrete slabs 
positioned on top.  The slabs would be approximately 2-3 m wide by 30-50 cm thick 
and would form a protective blanket over the cables (Figure 2.40 refers).  However, 
the ability to utilise this method is subject to the future contractor’s detailed study to 
ensure the level of protection offered would be adequate. 

2.8.5.10 Whichever method is chosen the construction would be expected to last 
approximately 4 months for this part of the cable work. 

Figure 2.40 Typical Concrete Cover 

 

 

 

 

 

 

 

 

 

Source: HK Marine Contractors 
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2.8.6 Installation of Remaining Offshore Transmission Cables 

2.8.6.1 The jetting method will be used to install the rest of the transmission cable and the 
collection cables to a depth of up to 5m.  Jetting is a well proven technique that 
causes minimal disturbance. This fact has been recognized in Hong Kong by the 
government’s acceptance of project profiles for other similar cable installation 
operations without requiring further EIAs. These projects include the South Lantau 
Asia-America Gateway (AAG) Cable Network (EGS, 2007) and the Proposed 
132kV Submarine Cable Route for Airport "A" to Castle Peak Power Station Cable 
Circuit (ERM, 2006).  

2.8.6.2 Jetting works by using a high-pressure water jet to fluidise the seabed, and then 
placing the cable so that it sinks under its own weight. Electrical cable installation 
via this technique has been frequently practised in the HKSAR, with recent studies 
having identified that potential disturbances from such minor works within the 
marine environment potential are likely to be minimal, localised and of a short 
duration.*  The jetting speed would be expected to be a maximum of 150m/hour.   

The remaining approximately 21km of offshore transmission cable it is expected to 
take up to 2 months per cable to complete. 

2.8.7 Installation of Collection Cables  

2.8.7.1 The jetting method will also be used to install the collection cables to a depth of up 
to 5m.  The total length of collection cable for the Project shall be 40 - 50km.  This 
work would either be carried out in parallel with the foundation installation or shortly 
afterwards. 

2.8.7.2 Cable segments between each turbine are expected to be installed in less than one 
day.  This will include the jetting between each turbine and the use of divers to 
thread the cable into each turbine foundation at the seabed. 

2.9 Construction Program 

2.9.1.1 There are many offshore wind farms operating in Europe, and the construction 
methodology used for each one is broadly similar and well understood.  The 
example of these projects will be closely followed in the installation of the proposed 
Project. 

2.9.1.2 Project construction is expected to take place over a period of two years. Figure 
2.41 presents an indicative construction schedule which shall be subject to logistics 
arrangement and weather conditions. 

2.9.1.3 Due to the nature of offshore work construction will not be possible all year round 
at the site.  Construction will be focused over the Spring and Summer months 
when wind and wave conditions permit more regular access.  In the Winter 

                                                      
*  EIA Submission DIR-143/2006 Proposed 132kV Submarine Cable Route for Airport "A" to Castle 

Peak Power Station Cable Circuit, CLP Power. July 2006. 
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increased wind speeds and associated wave heights make construction much 
more difficult, giving an approximate construction window of 6 months in a year.  
This is fairly typical for offshore projects.  

2.9.1.4 The advantage of building over two years with a gap between construction seasons 
is that if there are unexpected delays in the first year then some limited activity 
could continue over the winter months if necessary. 

Figure 2.41 Preliminary Construction Schedule  

 
 

2.9.1.5 Where possible, much of the work shall be run in parallel.  For example, foundation 
installation and construction of the offshore substation can progress while 
transmission cabling is taking place. 

2.10 Offshore Construction Logistics 

2.10.1 Construction Vessels 

2.10.1.1 The construction vessels that are to be used will be determined after tendering by 
the contractor in charge of the construction of the Project.   Table 2.6 presents 
options for the anticipated construction vessel types. 

Table 2.6 Anticipated Construction Vessel Types 

Activity Construction Vessel Support Vessels 

Foundations Heavy Lift Vessel (HLV) Tug boats and work boats 

Wind turbines HLV Tug boats and work boats 

Offshore Substation HLV Tug boats and work boats 

Cable Laying 
Dedicated cable laying vessel or 

adapted barge and a remote 
operated vehicle 

/ 

General Work Boats / 
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2.10.1.2 Table 2.7 presents the forecast number of construction vessel movements from 
port to site.  Approximately 120 HLV movements are anticipated over the two year 
construction period, equivalent to approximately one every 3 days.  There are also 
likely to be approximately 3,360 support vessel movements over the same 2 year 
period, or approximately 4-5 a day on average. 

2.10.1.3 Work on the site will occur in concentrated periods rather than continuously, and it 
might be that on the very busiest days up to 15 vessels could be active.  Relative to 
the maximum existing marine traffic volume in the Project area of approximately 20 
vessels / hour, the peak marine construction marine traffic volume could be seen 
as a significant increase over the baseline, but the actual forecast density of marine 
vessels within the 15km2 Project area would still be extremely low. 

2.10.1.4 The primary potential environmental impacts from the vessels will be atmospheric 
emissions and operational waste.  Operational waste is discussed in section 3, 
while vessel emissions are not considered significant given the low level of marine 
traffic in the HKSAR context (i.e., > 15,000 vessel movements per day HKSAR-
wide) and the emissions savings that would be enabled by Project development. 

 

Table 2.7 Number of Anticipated Vessel Movements from Port to Site 

 Number of 
movements 

Comment 

Heavy Vessels (Jack-up, Barge, Installation Vessels) 

Foundation & transformer 89 2 for transformer 

1 foundation at a time being 
towered/carried to site (worst case) 

An estimated 20 for HLV with crane 

Transmission cables 4 2 visits per cable 

Array cables 10 6-7 turbines per visit 

Wind turbines 17 4 per visit 

Total  120  

Support Vessels 

Anchor handling and towing 
support vessel 

240 Average of 2 per HLV 

Commissioning 200 One movement transfers 2 crews each 
able to service one turbine per day. Each 
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 Number of 
movements 

Comment 

turbine visited approximately 6 times. 

Guard vessel/security 730 1 visit per day over 2 year period 

Crew Transfer 1460 2 visit per day over 2 year period 

Miscellaneous 730 1 visit per day over 2 year period 

Total 3,360  

 

2.10.2 Port Facilities 

2.10.2.1 The port to be used for construction support is yet to be finalised, although there 
are several options in and around the PRD and the HKSAR.  The selection is not 
expected to be finalised in the coming few years and the final choice will depend on 
availability and the construction schedule.   

2.10.2.2 For the purposes of this EIA Study, the port is not a material consideration. 

2.11 Operations and Maintenance 

2.11.1 Introduction 

2.11.1.1 The Project will be designed to remain operational with minimal maintenance and 
supervision over its lifetime.  Each turbine has a self-regulating system installed to 
control all of its operations, and in the event of a fault the system diagnoses the 
problem and determines an appropriate action, shutting down if necessary. 

2.11.1.2 All data and information recorded at the Project site shall be continually monitored 
by the operators.  This includes fault diagnostics in addition to standard operating 
information such as wind speed and power output.  Upon notification of a problem, 
engineers can respond with the correct maintenance required. 

2.11.2 Expected Operational Activities 

2.11.2.1 Project operations activities can be broken down into the following three main 
categories: 

 Scheduled maintenance: This will take place once a year for each turbine and 
the transformer platform.  This activity involves conducting minor oil changes, 
replacing perishables etc…  Scheduled maintenance is likely to occur during 
the spring and summer period when sea conditions are calmest. 

 Minor maintenance: This activity covers visits which are unscheduled but 
which can be carried out by engineers visiting turbines without additional 
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heavy vessel support.  This sort of activity would cover manual start-ups after 
a shut down, replacing minor components, minor repairs, inspections etc…  
The transformer platform may also have occasional minor maintenance. 

 Major repairs: This activity covers repairs that require additional heavy vessel 
support, such as the replacement of a gearbox, blade and generator or in the 
case of the transformer platform a major component.  It is expected that this 
activity will be rare. 

2.11.3 Operations Support Vessels 

2.11.3.1 Minor and scheduled maintenance will be conducted using work-boats to despatch 
a minimum of 2 engineers to each turbine, while the boat remains on site until pick-
up. 

2.11.3.2 Figure 2.42 displays an example of an offshore work boat, while the exact 
specification is under development. Table 2.8 summarises the anticipated number 
of operational work-boats required. 

Figure 2.42 Example of Offshore Work Support Boats 

 
 
 
 
 
 
 
 
 
 
 

Table 2.8 Estimated Numbers of Operational Workboats 

 
Number of vessels 
required per day 

Comment 

Scheduled Maintenance 2-3 
To take advantage of weather windows  up to 3 

vessels might be deployed simultaneously 

Minor Maintenance 1-2 

Minor maintenance would take place as 
necessary and up to 2 vessels may be deployed.  
If minor maintenance is needed at the same time 

as regular maintenance then the regular 
maintenance vessels would be used 
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2.11.4 Operational Logistics 

2.11.4.1 Maintaining the Project will take place from a nearby port facility.  Given the low 
volume of expected vessel movements outlined above, the choice of port facility is 
not anticipated to contribute to any significant environmental impact. 

2.11.4.2 The turbines and offshore transformer platform will have emergency 
accommodation in the event that weather requires engineers to remain on site, 
although none of the infrastructure is expected to have permanent habitation 
quarters. 

2.11.4.3 The operational activities will require a full time staff of approximately 10 at the port 
/ operations facility and an engineering staff of approximately 20 people, excluding 
boat drivers. 

2.11.5 Impact on Local Marine Users 

2.11.5.1 In order to formulate an appropriate and effective strategy to manage the potential 
safety risks posed on other users of the sea, BMT has conducted a Marine 
Navigational Safety Risk Assessment (MNSRA) to address the following questions: 

 Where to site it? 

 How to mark it? 

 How to manage it? 
 

2.11.5.2 Marine navigation issues have been closely integrated into the site selection 
described previously, while the marking and management of the site has been 
informed by a risk assessment conducted with respect to international guidelines 
(DTI, 2005) and in accordance with a methodology agreed by Marine Department.    

2.11.5.3 The MNSRA included a comprehensive assessment of the marine navigation 
safety risk implications arising from the establishment of an offshore wind farm in 
south-eastern Hong Kong waters and included the identification of key hazards and 
the quantification of associated risks.  It was identified that the impact of the 
proposed Wind Farm on marine users is minor, and Acceptable (with respect to 
local guidance (EIAO)), given the design features and management measures 
proposed to accompany the development. 

2.11.5.4 Appendix 2A presents the details and the key findings of the MNSRA. 
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3 Waste & Materials Management 

3.1 Introduction 

3.1.1.1 This section identifies the potential wastes arising from the construction and 
operation of the Hong Kong Offshore Wind Farm in Southeastern Waters and 
assesses the environmental impacts associated with the handling and disposal of 
wastes and materials. 

3.1.1.2 The Project is located offshore in a relatively exposed wind / wave environment, 
and in waters some 30 metres deep set above a seabed comprising of fine silty 
materials.  These exposed conditions introduce particular constraints into the 
construction methodology and programme (Section 2 refers) and demand that the 
Project is developed in an effective and efficient manner during time periods when 
access to the site area is available. 

3.1.1.3 A core element of this philosophy has been maximize prefabrication of elements 
and hence to avoid / minimise on-site waste generation where practicable to 
preclude adverse impacts on water quality and marine sensitive receivers. 

3.2 Objectives 

3.2.1.1 With reference to Clause 3.4.5.2 of the Environmental Study Brief (ESB), the 
assessment of waste / materials management includes the following: 

(i)  Analysis of Activities and Waste Generation 

3.2.1.2 Identification of the quantity, quality and timing of waste arising from construction 
activities, and design, layout, construction methods and programmes adopted to 
minimise waste generation. 

(ii) Proposal for Waste management 

a) Prior to considering the disposal options for various types of wastes, 
opportunities for reducing waste generation, on-site or off-site re-use and 
recycling shall be evaluated. 

b) Quantities of the wastes required to be disposed of as a consequence shall 
be estimated and the disposal options for the wastes shall be described in 
detail. 
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3.3 Legislation, Standards & Guidelines 

3.3.1.1 The following legislation and evaluation criteria are relevant to the treatment and 
disposal of the wastes generated from the construction and operational phases of 
the Project:  

 Waste Disposal Ordinance (Cap 354) 

 Waste Disposal (Chemical Waste) (General) Regulation (Cap 354C) 

 Dumping at Sea Ordinance (Cap 466) 

 Environment, Transport and Works Bureau Technical Circular No. 
34/2002 – Management of Dredged / Excavated Sediment 

 Shipping and Port Control Ordinance (Cap 313) 
 

3.3.2 Waste Disposal Ordinance (Cap 354) 

3.3.2.1 The Waste Disposal Ordinance (WDO) prohibits the unauthorised disposal of 
wastes, with waste defined as any substance or article that is abandoned. 
Construction waste is defined as any substance or article, generated from 
construction work and abandoned, whether or not it has been processed or 
stockpiled before being abandoned.  It does not include any sludge, screening or 
matter removed in or generated from any desludging, desilting or dredging works.   

3.3.2.2 WDO stipulates the requirements for licenses related to the handling and disposal 
of waste.  It specifies that only waste collection and transportation licensees are 
permitted to collect and transport wastes except for construction and trade related 
wastes where licenses are exempted.  Furthermore, all wastes should only be 
abandoned / disposed at designated / licensed waste disposal sites. 

3.3.3 Waste Disposal (Chemical Waste) (General) Regulation (Cap 354C) 

3.3.3.1 Chemical waste as defined under the Waste Disposal (Chemical Waste) (General) 
Regulation includes any substance being scrap material, or unwanted substances 
specified under Schedule 1 of the Regulation, if the specified substance or 
chemical occurs in such a form, quantity or concentration so as to cause pollution 
or constitute a danger to health or risk of pollution to the environment. 

3.3.3.2 A person should not produce, or cause to be produced, chemical wastes without 
registration with the Director of Environmental Protection (DEP).  Chemical wastes 
must either be treated at an onsite facility licensed by EPD or be collected by a 
licensed collector for off-site treatment at a licensed facility.  The waste producer, 
collector and disposal facility must each complete a trip ticket for each waste 
consignment to allow the transfer of wastes to be traced from cradle-to-grave. 
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3.3.3.3 The EPD Regulation prescribes storage facilities to be provided on site, which 
include labelling and warning signs.  To reduce the risks of pollution and danger to 
human health or life, the waste producer is required to prepare and make available 
written emergency procedures for spillage, leakage or accidents arising from the 
storage of chemical wastes.  Waste producers must also provide their employees 
with training on such procedures. 

3.3.4 Dumping at Sea Ordinance (Cap 466) 

3.3.4.1 This Ordinance came into operation in April 1995 and empowers the DEP to 
control the disposal and incineration of substances and articles at sea for the 
protection of the marine environment.  Under the Ordinance, a permit from the DEP 
is required for the disposal of regulated substances within and outside the waters 
of the Hong Kong SAR.  The permit contains terms and conditions that include the 
following specifications: 

 Type and quantity of substances permitted to be dumped; 

 Location of the disposal grounds; 

 Requirement of equipment for monitoring the disposal operations; and  

 Environmental monitoring requirements. 
 

3.3.5 Environment, Transport and Works Bureau Technical Circular No. 34/2002 – 
Management of Dredged / Excavated Sediment 

3.3.5.1 Associated with the Dumping at Sea Ordinance, the Environment, Transport and 
Works Bureau Technical Circular No. 34/2002 on the Management of Dredged / 
Excavated Sediment (ETWB 34/2002) sets out the procedures for seeking 
approval to dredge / excavate sediment and the management framework for 
sediment disposal. 

3.3.5.2 In accordance with ETWB 34/2002 criteria, sediment may be classified into one of 
three categories based on its contamination levels: 

 Category L: Sediment with all contaminant levels not exceeding the Lower 
Chemical Exceedance Limit (LCEL).  The material must be dredged, 
transported and disposed of in a manner that reduces the loss of contaminants 
either into solution or by re-suspension. 

 Category M: Any one or more contaminants in the sediment exceeding the 
LCEL with none exceeding the Upper Chemical Exceedance Limit (UCEL).  The 
material must be dredged and transported with care, and must be effectively 
isolated from the environment upon final disposal unless appropriate biological 
tests demonstrate that the material will not adversely affect the marine 
environment.  
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 Category H: Any one or more contaminants in the sediment exceeding the 
UCEL.  The material must be dredged and transported with great care, and 
must be effectively isolated from the environment upon final disposal. 

 

3.3.5.3 Table 3.1 presents the criteria for determining the quality of dredged sediment 
arising from Project development. 

Table 3.1 ETWB 34/2002 Criteria for Dredged Sediment Classification 

Parameters LCEL UCEL 

Metals (mg/kg dry wt.) 

Cadmium 1.5 4 

Chromium 80 160 

Copper 65 110 

Mercury 0.5 1 

Nickel 40 40 

Lead 75 110 

Silver 1 2 

Zinc 200 270 

Arsenic 12 42 

Organic PAHs (g/kg dry wt.) 

Low Molecular Weight PAHs 550 3160 

High Molecular Weight PAHs 1700 9600 

Organic non-PAHs (g/kg dry wt.) 

Total PCB* 23 180 

Organometalics (mgTBT / L in interstitial water) 

Tributyl-tin^ 0.15 0.15 

Notes:  * Total PCBs comprises various congeners of PCB as referred in ETWB 34/2002 
^ Contamination levels > 0.15 mg/L are assumed to exceed the UCEL 

 

3.3.6 Shipping and Port Control Ordinance (Cap 313) 

3.3.6.1 This Ordinance prohibits pollution of the sea by oil from land-based as well as 
marine sources, and also the dumping of refuse and general littering from vessels 
or port-based operations. 

3.3.7 Other Relevant Guidelines 

3.3.7.1 Other guideline documents which detail how the Contractor will comply with the 
WDO and its associated regulations include: 

 Code of Practice on the Packaging, Labelling and Storage of Chemical 
Wastes (1992), published by Environmental Protection Department (EPD); 
and 
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 Technical Circular (Works) No.12/2000, Fill Management, published by 
Environment, Transport and Works Bureau.  

 

3.4 Waste Management Impact Assessment 

3.4.1 Introduction 

3.4.1.1 The key sources and types of waste potentially associated with the Project’s 
development include the following: 

 Dredged marine sediment associated with installation of the transmission 
cable in Junk Bay. 

 Chemical waste from off-site fabrication of the turbine and maintenance 
activities. 

 Sewage from the construction and maintenance workforce. 

 General refuse associated with construction and maintenance activities, 
such as food waste and packaging materials.   

 

3.4.1.2 The following sections review the nature of these wastes. 

3.4.2 Dredged Marine Sediment 

3.4.2.1 A major component of the Project is the electricity transmission cable that shall be 
installed under the seabed, linking the offshore transformer station with the sub-
station on land in Junk Bay.  Compared with the offshore elements of the Project, 
Inner Junk Bay is exposed to a relatively high level of marine traffic activity in 
relatively shallow waters.  This situation means there is greater potential for marine 
vessel anchor drag upon the seabed, and accordingly protective measures are 
required for the transmission cable section in this area. Figure 3.1 defines the 
location of the cable sections. 

3.4.2.2 Two options for cable protection have been considered as introduced in sub-
section 2.7.5: 

 Dredging a trapezoidal trench ~3.0km long and approximately 3m deep in 
which to place the cable, with rock armour protection placed at the upper 
section level with the adjacent seabed.  Figure 3.2 presents the concept. 

 Installing the transmission cable by high-pressure water jetting, with 
concrete slabs placed level with the adjacent seabed to provide necessary 
cable protection. 
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Figure 3.1 Indicative Dredging Zone for Cable Anchor Protection  

 
 

Figure 3.2 Schematic of Rock Armour Protection  

 
 

3.4.2.3 The dredging option would involve the excavation and disposal of approximately 
135,000m3 of marine mud.  While both cable protection options have been kept 
open at this planning stage for a final decision to be made subject to detailed 
engineering design, for the purposes of this EIA Study report it is conservatively 
assumed that cable installation works in Inner Junk Bay will involve marine 
dredging.  There are no other marine dredging works associated with the Project. 

3.4.2.4 In order to characterize the marine sediment in the Study Area, a sampling and 
analysis programme was conducted in accordance with ETWB 34/2002.  The first 
task involved a desktop review of existing sediment quality data for the potential 
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dredging zone. Reference has been made to data from EPD’s routine marine 
sediment quality monitoring programme and from relevant EIA Studies. 

3.4.2.5 Table 3.2 displays the latest published EPD data that covers the four sampling 
events during 2003 - 2006.  Figure 3.3 displays the locations of the historical 
sediment quality monitoring stations. 

3.4.2.6 The sediment at EPD monitoring station “JS2” located closest to the shore is 
classified as ‘Category H’ as levels of both copper and silver are greater than the 
UCEL.  Sediment quality at EPD monitoring stations “ES1” and “ES4” is classed as 
‘Category M’ due to levels of copper and silver above the LCEL, while sediment at 
EPD monitoring station “ES2” is classed as ‘Category L’ as levels of all parameters 
are below the LCEL. 

3.4.2.7 This distribution reflects a general trend of decreasing contamination with 
increasing distance from historical sources in Junk Bay, appreciating that within the 
near-shore Eastern Harbour area there will inevitably be: 

 Local hydrodynamic effects of sediment / pollution transport away from the 
source within the confines of the Eastern Harbour; and 

 Discrete historical sources of localised pollution in areas fringing the 
Harbour. 

 

3.4.2.8 For example, the Mercury concentration at station “ES1” is greater than at station 
“JS2”, although contamination is nonetheless still confined to the Eastern Harbour. 

3.4.2.9 Table 3.3 displays additional sediment quality data for Junk Bay derived from a 
recent EIA (Maunsell, 2005) which confirms the generally contaminated status of 
marine sediment in inshore areas of the Bay (Figure 3.3 also displays these 
locations). 
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Figure 3.3 Locations of Sediment Sampling Stations  
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Table 3.2 Routine Marine Sediment Quality Monitoring Data (EPD, 2003 – 2006)  

Sampling Location 
Sampling 

Date 
Metals and Metalloid Content (mg/kg) Organics (µg/kg) 

Nutrients 
(mg/kg) 

  Cd Cr Cu Ni Pb Zn Hg As Ag LMW PAHs^ HMW PAHs PCBs NH3-N TKN 

JS2 5 Jul 06 0.1 49 98 24 52 160 0.24 7.9 2 183 210 18 8.6 460 
 3 Jan 06 0.2 47 95 25 51 150 0.41 7.3 2 194 402 18 0.76 480 
 1 Aug 05 0.2 48 120 20 53 150 0.28 7.1 2 195 381 18 6.2 470 
 2 Feb 05 0.2 52 120 24 52 160 0.24 8.5 3 182 196 18 6.1 500 
 9 Jul 04 0.3 65 150 28 58 200 0.3 8.9 3 90 148 18 7.8 410 
 19 Jan 04 0.2 54 120 25 110 160 0.22 6.8 3 97 261 18 5.8 490 
 4 Aug 03 0.2 49 130 24 45 140 0.23 7.4 2 90 136 18 6.2 380 
 2 Jan 03 0.2 54 140 28 53 150 0.22 7.5 2 90 135 18 5.1 340 

ES4 5 Jul 06 <0.1 22 49 13 33 73 0.11 4.4 1 180 59 18 3.4 200 
 3 Jan 06 0.1 24 55 12 23 72 0.1 3.8 1 180 128 18 3.5 350 
 1 Aug 05 <0.1 25 49 13 28 81 0.12 3.5 1 181 140 18 4.9 290 
 2 Feb 05 0.1 36 75 19 39 110 0.2 6.3 2 200 402 18 4.9 470 
 9 Jul 04 0.1 24 52 12 23 75 0.1 4.1 1 90 145 18 2.5 310 
 19 Jan 04 0.1 25 64 13 23 81 0.2 4.4 2 109 128 18 4.2 440 
 4 Aug 03 0.1 32 58 19 34 95 0.23 6.1 1 93 162 18 6.5 420 
 2 Jan 03 0.2 32 74 19 38 110 0.3 5.8 2 101 252 18 9 410 

ES1 5 Jul 06 <0.1 19 26 13 25 68 0.11 3.6 1 180 46 18 5.4 190 
 3 Jan 06 <0.1 20 28 12 22 61 0.08 4 1 180 91 18 2.2 320 
 1 Aug 05 <0.1 19 30 12 48 63 0.09 4.1 1 180 56 18 6.7 250 
 2 Feb 05 <0.1 13 18 9 18 42 0.06 3.7 0 180 51 18 6.7 260 
 9 Jul 04 <0.1 23 36 13 22 73 0.1 5 1 90 126 18 3.6 250 
 19 Jan 04 <0.1 17 25 12 21 55 0.08 4.2 1 141 391 18 4.5 230 
 4 Aug 03 0.2 36 87 18 32 100 0.17 5.4 2 90 85 18 1.5 430 
 2 Jan 03 <0.1 15 17 13 24 47 1 3.5 0 90 21 18 20 190 

ES2 5 Jul 06 <0.1 26 20 19 28 79 0.07 6.3 0 180 33 18 2.9 210 
 3 Jan 06 <0.1 41 38 27 50 120 0.12 6.7 1 180 96 18 13 590 
 1 Aug 05 <0.1 30 32 19 39 89 0.1 6.5 1 181 93 18 67 380 
 2 Feb 05 <0.1 29 26 20 35 88 0.09 6.5 0 196 190 18 4.3 540 
 9 Jul 04 <0.1 26 19 16 21 64 <0.05 7.1 <0 90 137 18 4.7 250 
 19 Jan 04 <0.1 38 42 25 44 110 0.14 5.6 1 107 108 18 9.4 530 
 4 Aug 03 <0.1 20 16 14 21 71 0.06 5.5 0 90 67 18 4.5 350 
 2 Jan 03 <0.1 26 22 20 28 56 0.06 4.9 0 90 49 18 9.1 270 

LCEL 1.5 80 65 40 75 200 0.5 12 1 550 1700 23 n/a n/a 
Criteria 

UCEL 4 160 110 40 110 270 1 42 2 3160 9600 180 n/a n/a 

Notes:  ^ one congener, naphthalene, was assumed as <60 µg/kg since no data were recorded.
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Table 3.3 Sediment Quality in Junk Bay 

Sampling 
Depth (m) 

Metals and Metalloid Content (mg/kg) µg/kg µg/L 
Sampling 
Location 

From To Cd Cr Cu Ni Pb Zn Hg As Ag
LMW 
PAHs 

HMW 
PAHs 

PCBs TBT 

0.57 0.90 0.2 24 36 12 44 160 0.2 4.8 0.3 <550 <1700 <23 <0.15 

0.90 1.90 0.2 29 29 16 50 160 0.6 5.5 0.4 <550 <1700 <23 <0.15 

1.90 2.90 0.1 26 6.2 20 17 55 0.2 3.6 <0.1 <550 <1700 <23 <0.15 

2.90 3.90 0.1 28 8.5 21 21 130 0.2 3.9 <0.1 <550 <1700 <23 <0.15 

6.17 6.90 0.1 25 7.4 18 22 81 0.1 3.7 <0.1 <550 <1700 <23 <0.15 

8.90 9.90 0.1 26 8.9 19 31 52 0.1 5.1 <0.1 <550 <1700 <23 <0.15 

VC13 

12.00 12.70 0.2 20 7.6 14 28 170 0.1 7.9 <0.1 <550 <1700 <23 <0.15 

0.12 0.90 0.2 39 92 17 42 90 0.2 4.8 0.7 <550 <1700 <23 <0.15 

0.90 1.90 <0.1 25 8.4 19 23 130 0.1 4.0 <0.1 <550 <1700 <23 <0.15 

1.90 2.90 0.1 24 7.0 18 19 170 0.1 4.0 <0.1 <550 <1700 <23 <0.15 

2.90 3.90 0.1 25 7.8 19 19 100 0.1 4.2 <0.1 <550 <1700 <23 <0.15 

6.10 6.90 0.2 25 19 16 27 90 0.2 3.9 0.2 <550 <1700 <23 <0.15 

8.90 9.90 0.1 27 8.6 20 27 70 0.1 3.9 <0.1 <550 <1700 <23 <0.15 

12.00 12.90 0.1 22 8.6 16 35 49 0.08 7.1 <0.1 <550 <1700 <23 <0.15 

VC5 

14.90 15.96 0.2 20 8.2 14 43 49 0.08 8.3 <0.1 <550 <1700 <23 <0.15 

0.90 1.00 <0.6 35 57 20 63 300 0.1 10 <1 NA NA NA NA 

1.90 2.00 0.9 43 93 10 160 950 0.2 10 <1 NA NA NA NA 

2.90 3.00 <0.6 130 7 71 20 39 <0.1 6 <1 NA NA NA NA 

5.75 5.85 <0.6 42 9 24 20 71 <0.1 7 <1 NA NA NA NA 

8.90 9.00 <0.6 32 9 20 24 63 <0.1 7 <1 NA NA NA NA 

VC18 

11.75 11.85 0.9 <10 <5 10 180 20 <0.1 13 <1 NA NA NA NA 

G1* N/A N/A <0.6 26 42 10 90 590 0.2 11 <1 NA NA NA NA 

LCEL 1.5 80 65 40 75 200 0.5 12 1 550 1700 23 0.15 
Criteria 

UCEL 4 160 110 40 110 270 1 42 2 3160 9600 180 0.15 

Notes: * sampling depth at seabed 

3.4.2.10 With reference to Table 3.3 and Figure 3.3, levels of lead, nickel and zinc are high 
at sampling stations “VC18” and “G1” at the northwest of Junk Bay, with this 
sediment at these stations classed under ETWB 34/2002 criteria as ‘Category H’. 

3.4.2.11 Towards the middle of Junk Bay area, data from stations “VC13” and “VC5” – 
both to a depth of several metres – indicates the sediment to be uncontaminated 
except in surface layers where sediment is classed as ‘Category M’ due to 
marginal exceedance of the criteria for copper and mercury. 
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3.4.2.12 Following the Tier I desktop sediment quality review summarized in the prior 
sections, a Tier II sampling and chemical screening programme was devised.  
This involved sediment collection at three nearshore stations in Junk Bay / 
Tathong Channel (S1 – S3) in January 2007, and at four offshore stations located 
in SE waters in May 2007 when the offshore conditions were suitable for such 
operations. 

3.4.2.13 With reference to Figure 3.3 it is apparent that this nearshore transmission cable-
dredging zone coincides with nearshore sampling stations S1, S1-B and S2. 

3.4.2.14 Table 3.5 presents the Tier II classification of marine sediment at these three 
nearshore in accordance with the ETWB 34/2002 criteria.  Sub-samples ‘S1-1’ 
and ‘S2-1’ are categorized as Type 2 sediment as levels of zinc exceed the 
UCEL, although in accordance with Clause 2(d) of ETWB 34/2002 Appendix B 
there is no requirement for Tier III biological screening as contamination levels are 
<10 times the LCEL. 

3.4.2.15 In accordance with Appendix C of ETWB 34/2002, the upper 0.9m of sediment at 
stations S1 and S2 will thus require Type 2 confined marine disposal.  As per the 
Dumping at Sea Ordinance (Cap. 466), ‘Category H’ sediment must be carefully 
dredged and transported, and effectively isolated from the environment upon final 
disposal. 

3.4.2.16 A conservative estimate of the potential volume of each type of sediment to be 
disposed is summarized in Table 3.4. This estimate takes into account the Tier II 
chemical screening results, which indicate that only surface sediment (up to 1m) 
is contaminated, and is based on a trapezoidal trench of nominal 3m depth.  

Table 3.4 Preliminary Estimated Volume of Sediment & Disposal Option (m3) 

Disposal Option Estimated Volume of Sediment 

Type 1 – Open Sea Disposal 70,000 

Type 2 – Comfined Marine Disposal 65,000 

Total 135,000 

 

3.4.2.17 Before the dredging operation commences, it is proposed that surface grab 
samples be collected in a focussed investigation area in advance of any dredging 
works in order to comply with the specific requirements of the Dumping at Sea 
Ordinance.  This approach will enable the volume of contaminated sediment 
requiring confined marine disposal to be more accurately quantified. 
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3.4.2.18 It is anticipated that surface sediment from the potential marine dredging in the 
vicinity of stations S1 and S2 would be disposed of at East Sha Chau, being the 
designated site for confined marine disposal.   The disposal method shall be 
subject to the agreement of the Marine Fill Committee (MFC) of CEDD in due 
course. 

3.4.2.19 The fate and magnitude of dredged sediment impacts is reviewed within the 
Water Quality Assessment, Section 4. 
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Table 3.5 Chemical Screening Results for Nearshore Stations S1 - S3  

Parameter Ag As Cd Cr Cu Ni Pb Zn Hg 
Total 
PCB 

L.M.W. H.M.W. TBT-soluble Category 

Unit (dry wt.) mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg µg/kg µg/kg µg/kg µg TBT/L 
 

 

Reporting 
Limits 

Depth 
0.1 1 0.1 1 1 1 1 1 0.05 2 550 1700 0.005  

S1-1 0.0 to 0.9 0.5 5 0.6 11 22 5 198 426 0.13 8 <550 <1700 - H 

S1-2 1.0 to 1.9 <0.1 2 <0.1 9 3 4 10 20 0.03 <3 <550 <1700 - L 

S1B-1 0.0 to 0.9 0.3 4 0.2 15 14 8 29 157 0.06 <1 <550 <1700 0.021 L 

S1B-2 1.0 to 1.9 0.2 6 0.2 37 26 10 30 65 0.23 <1 <550 <1700 <0.012 L 

S1B-3 2.0 to 2.9 <0.1 4 0.1 21 5 14 13 49 0.02 <1 <550 <1700 - L 

S1B-4 3.0 to 3.9 <0.1 5 <0.1 25 6 17 15 58 0.03 <1 <550 <1700 - L 

S2-1 0.0 to 0.9 0.2 6 0.3 41 18 22 37 352 0.06 54 <550 <1700 - H 

S2-2 1.0 to 1.9 0.1 6 0.1 29 7 20 17 67 0.02 <1 <550 <1700 - L 

S2-3 2.0 to 2.9 0.1 6 0.1 29 7 19 16 62 0.03 <1 <550 <1700 - L 

S2-4 3.0 to 3.9 0.2 5 0.1 29 8 19 19 60 0.05 <1 <550 <1700 - L 

S3-1 0.0 to 0.9 0.4 8 0.2 38 42 20 42 101 0.37 <1 <550 <1700 - L 

S3-2 1.0 to 1.9 0.1 8 <0.1 25 11 17 32 69 0.17 <1 <550 <1700 - L 

S3-3 2.0 to 2.9 0.1 6 0.2 29 7 20 16 66 0.06 <1 <550 <1700 - L 

S3-4 3.0 to 3.9 <0.1 5 0.1 30 7 22 16 69 0.04 <1 <550 <1700 - L 

LCEL 1 12 1.5 80 65 40 75 200 0.5 23 550 1700 0.15 - 
Criteria 

UCEL 2 42 4 160 110 40 110 270 1 180 3160 9600 0.15 - 

Notes: Sampling location S1 was relocated to S1B after vibrocore failure due to loose abundant sediment 

 L.M.W.: Low Molecular Weight 

H.M.W.: High Molecular Weight 
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3.4.3 Chemical Waste 

3.4.3.1 Chemical waste, as defined under the Waste Disposal (Chemical Waste) (General) 
Regulation, includes any substance being scrap material or unwanted substances 
specified under Schedule 1 of the Regulation. 

3.4.3.2 Chemical waste associated with Project construction and maintenance activities 
may include the following: 

 Paint from turbine and blade coating 

 Chemical solvents used for cleaning parts / materials 

 Mineral oils for construction plant maintenance 

 Mineral and hydraulic oils for turbines and transformer 

 Fuel oil for operation of marine construction vessels 
 

3.4.3.3 Such wastes may pose environmental, health and safety hazards if not stored and 
disposed of in an appropriate manner. Potential hazards may include: 

 Toxic effects to workers 

 Adverse impacts on water quality / marine biota from spills 

 Fire hazards. 

3.4.3.4 All individual Project components including foundation structures, cables, turbine 
towers, gearboxes and blades, and the transformer platform and station will be 
constructed and prefabricated in dedicated factory environments by suppliers.  
There will only be limited local assembly of these components (subject to the 
detailed design and programming). 

3.4.3.5 Sub-section 2.1 refers to the oils and fluids that shall be contained within each 
turbine (mainly within the nacelle) and inside the offshore transformer, and it is 
noted that standard design measures for these components include full provision 
for the containment of leaks and spills. 

3.4.3.6 Overall it is anticipated that the overall quantity of chemical wastes shall be small.  
The actual quantity of chemical waste generated shall be quantified in the Waste 
Management Plan to be prepared by the Contractor. 

3.4.3.7 Chemical wastes associated with construction and maintenance activities may be 
disposed at the Chemical Waste Treatment Centre (CWTC) at Tsing Yi.   The 
storage, handling, transportation and disposal of all chemical wastes shall be in 
accordance with the Code of Practice on the Packaging, Labelling and Storage of 
Chemical Waste published by the EPD.  Other relevant control measures for 
chemical waste are referred in sub-section 3.5. 
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3.4.4 Sewage 

3.4.4.1 Sewage generated by the construction workforce shall be properly managed to 
avoid nuisance (odour, pests) and adverse environmental and health impacts.  It is 
anticipated that a workforce of approximately 300 shall be employed at the peak of 
construction (200 at sea, 100 on land).  Based on an indicative per capita sewage 
generation rate of 0.15 m3 per day (DSD, 1995), it is estimated that no more than 
45m3 of sewage may be generated per day during peak construction.  A smaller 
volume of sewage shall be associated with routine maintenance activities. 

3.4.4.2 Onshore assembly shall be in large-scale construction yard with facilities 
connected to the sewerage mains, while offshore sewerage shall be handled via 
appropriate sewerage handling facilities (e.g. sewage holding tank) aboard marine 
vessels.  Accordingly, no adverse environmental impacts are envisaged. 

3.4.5 General Refuse 

3.4.5.1 General refuse generated by the construction and maintenance workforce requiring 
appropriate handling and disposal shall mainly comprise food waste and 
packaging, and potentially metal drinks cans and waste paper. 

3.4.5.2 Potential impacts associated with improper handling and disposal may include 
odour, windblown litter and water quality impacts.  Based on a peak construction 
workforce of approximately 300 / day and a per capita general refuse generation 
rate of 0.97 kg per day (EPD, 2007), it is estimated that approximately 290 kg of 
general refuse may be generated per day.  A smaller quantity of general refuse 
shall be associated with routine maintenance activities. 

3.4.5.3 Recyclable materials such as paper, plastic bottles and metal cans shall be 
separated at source for recycling.  Non-recyclable general refuse shall be kept fully 
contained and regularly disposed by reputable waste collectors at a designated 
disposal outlet. 

3.4.5.4 Provided the best practice measures, as recommended in sub-section 3.5, are 
implemented, adverse impacts from the storage, handling, transport and disposal 
of general refuse are not anticipated. 

3.5 Mitigation of Adverse Impacts 

3.5.1.1 There are no major waste management issues associated with Project construction 
and maintenance, and hence no impact mitigation measures are required.  
However, good site practice is encouraged and the following measures are 
recommended during Project construction and maintenance to avoid potential 
impacts associated with handling, collection and disposal of waste arising from the 
construction phase of the Project. 

3.5.1.2 The Contractors shall incorporate these recommendations into a Waste 
Management Plan for the construction works.  It is also reminded that the 
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Contractor shall comply with all relevant statutory requirements and guidelines and 
their updated versions that may be issued during the course of the Project. 

3.5.1.3 It is also the Contractor's responsibility to ensure that only reputable or licensed 
waste collectors are used and that appropriate measures to minimise adverse 
impacts are employed.  In addition, the Contractor shall ensure that all the 
necessary waste disposal permits are obtained throughout the construction phase.   

3.5.2 Dredged Marine Sediment 

3.5.2.1 According to the requirements stipulated in ETWB 34/2002, the dredged sediment 
shall only be disposed at designated sites allocated by MFC based on the findings 
of sediment quality tests.  A marine disposal license shall be obtained from EPD 
prior to the commencement of marine dredging works. 

3.5.2.2 During transportation and disposal of the dredged marine sediments, the following 
measures should be taken to minimise potential impacts on water quality: 

 Bottom opening of barges shall be fitted with tight fitting seals to prevent 
leakage of material.  Excess material shall be cleaned from the decks and 
exposed fittings of barges and dredgers before the vessel is moved. 

 Monitoring of the barge loading shall be conducted to ensure that loss of 
material does not take place during transportation.  Transport barges or 
vessels shall be equipped with automatic self-monitoring devices as 
specified by the EPD. 

 Barges or hopper barges shall not be filled to a level that would cause the 
overflow of materials or sediment-laden water during loading or 
transportation. 

3.5.2.3 More specific measures for the control of dredged marine sediment are presented 
in Section 4, Water Quality, informed by the numerical modelling exercise. 

3.5.3 Chemical Waste 

3.5.3.1 The Contractor shall be required to register with the EPD as a chemical waste 
producer and to follow the guidelines stated in the Code of Practice on the 
Packaging, Labelling and Storage of Chemical Wastes. 

3.5.3.2 Containers used for storage of chemical wastes should: 

 Be suited to the substance they are holding, resistant to corrosion, 
maintained in a good condition, and securely closed; 

 Have a capacity of less than 450 L unless the specifications have been 
approved by the EPD; and 

 Display a label in English and Chinese in accordance with Schedule 2 of the 
Regulations. 
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3.5.3.3 The storage area for chemical wastes shall: 

 Be clearly labelled and be used only for the storage of chemical waste; 

 Be enclosed on a minimum of 3 sides; 

 Have an impermeable floor, of capacity to accommodate 110% of the 
volume of the largest container or 20% by volume of the chemical waste 
stored in that area, whichever is greater; 

 Provide adequate ventilation; 

 Be covered to prevent rainfall permeation (water collected within the bund 
must be tested and disposed of as chemical waste, if necessary); and 

 Be arranged so that incompatible materials are separated appropriately. 
 

3.5.3.4 Disposal of chemical waste shall be: 

 Via a licensed waste collector; and 

 To a facility licensed to receive chemical waste, such as the Chemical 
Waste Treatment Facility which also offers a chemical waste collection 
service and can supply the necessary storage containers. 

 

3.5.4 Sewage 

3.5.4.1 An adequate number of portable toilets, if necessary, should be provided for the 
construction and maintenance workforce is sufficient are not provided at any 
onshore assembly area.  Portable toilets shall be maintained in a state that will not 
deter the workers from using them.  Night soil shall be regularly collected by a 
licensed collector for disposal at a Sewage Treatment Works. 

3.5.5 General Refuse 

3.5.5.1 General refuse shall be stored in fully contained units separate from chemical 
wastes.  The general refuse storage area shall be regularly maintained by a 
reputable waste collector, with waste to be disposed at a designated refuse 
transfer station. 

3.5.5.2 The Contractor shall be responsible for identifying which materials can be 
recycled/reused, whether on site or off site. In the event of the latter, the Contractor 
shall make arrangements for the collection of the recyclable materials.  Separate 
labelled bins for their deposit shall be provided if feasible. 

3.5.5.3 Further to the issue of ETWBTC (Works) No. 6/2002A, Enhanced Specification for 
Site Cleanliness and Tidiness, the Contractor is required to maintain a clean and 
hygienic site throughout the Project. 
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3.6 Assessment of Residual Impacts 

3.6.1.1 There are no adverse waste impacts or hence residual impacts associated with 
Project construction or maintenance. 

3.7 Environmental Monitoring and Audit 

3.7.1 Construction Phase 

3.7.1.1 The assessment has concluded that under proper handling, storage, collection, 
transportation and disposal of waste materials generated during construction of the 
Project will not give rise to any significant impacts. 

3.7.1.2 While no specific environmental monitoring and audit (EM&A) requirements have 
been identified, it is recommended during construction that the Contractor provides 
a designated manager to conduct appropriate inspections and to supervise the 
implementation of waste management control measures suggested in sub-section 
3.5. 

3.7.1.3 An appropriate audit programme shall be scheduled in the WMP to be prepared by 
the Contractor, and a summary of the site audits shall be presented in the EM&A 
reports as required by the EM&A Manual. 

3.7.2 Operational Phase 

3.7.2.1 No adverse environmental impact will arise with the implementation of good waste 
management practices and accordingly no EM&A programme is required. 

3.8 Conclusion 

3.8.1.1 The key potential impacts during the construction phase are related to 
management of dredged sediments, with approximately 135,000 m3 of marine 
sediment shall potentially be dredged.  Based on completed sediment analysis, a 
preliminary estimate is that 65,000m3 may require Type 2 confined marine 
disposal. 

3.8.1.2 The final disposal site shall be determined by the Marine Fill Committee of CEDD.  
A dumping license shall be obtained from EPD prior to the commencement of 
dredging works and with reference to the results of additional sediment quality 
sampling and analysis conducted to satisfy the requirements of the Dumping at 
Sea Ordinance. 

3.8.1.3 Other waste types associated with Project development include chemical wastes, 
sewage and general refuse.  No significant environmental impacts from the 
handling and disposal of these waste types are anticipated, subject to the full 
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implementation of the relevant waste management standards and guidelines and 
best practices referred in sub-section 3.5. 
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4 Water Quality Impact Assessment 

4.1 Introduction 

4.1.1.1 This section presents the Water Quality Impact Assessment (WQIA) for the 
construction and operational phases of the Project. 

4.1.1.2 The aim of the WQIA is to assess and evaluate impacts of the proposed Project 
upon water sensitive receivers within the Study Area and to identify measures to 
avoid or otherwise reduce predicted impacts to within acceptable levels. 

4.2 Objectives 

4.2.1.1 This section has been compiled in accordance with the evaluation criteria and 
assessment guidelines as presented in Annexes 6 and 14 respectively of the EIA-
TM, and with reference to the requirements of Clause 3.4.1 of the EIA Study Brief. 

4.2.1.2 Key objectives of the water quality impact assessment include the following: 

 To collect and review background information on the existing and planned water 
system(s) and their respective sensitive receivers; 

 To characterise water and sediment quality and water sensitive receivers based 
on existing information or appropriate site survey and tests; 

 To identify and analyse physical, chemical and biological disruptions of marine 
water system(s) arising from the project construction and operation; 

 To predict, quantify and assess any water quality impacts arising from the 
Project on the water system(s) and the sensitive receivers by appropriate 
mathematical modelling techniques; 

 To identify and evaluate the best practicable dredging methods to minimize 
dredging and dumping requirements; 

 To evaluate the potential of and associated water quality impacts arising from 
accidental vessel collisions within the Project area during construction and 
maintenance of the wind farm; 

 To identify and quantify all dredging, fill extraction, filling, mud/sediment 
transportation and disposal activities and requirements; and 

 To devise mitigation measures to avoid or minimize potential impacts, in 
particular suitable dredging and disposal methods to mitigate any adverse 
impacts. 
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4.3 Legislation, Standards and Guidelines 

4.3.1.1 Reference has been made to the following local legislation governing water quality: 

4.3.2 Water Pollution Control Ordinance (WPCO) (Cap. 358)  

4.3.2.1 Defines the boundaries of the ten local Water Control Zones (WCZs) and specifies 
the requirements Water Quality Objectives (WQOs).  The WQOs set limits for 
different parameters to be achieved for maintaining the water quality within the 
WCZs.  In accordance with the Study Brief, the Study Area of the project should 
cover the Mirs Bay, Port Shelter, Eastern Buffer and Junk Bay WCZs.  Table 4.1 
summarises the WQOs for these WCZs.   

Table 4.1 Summary of WQOs for Mirs Bay, Junk Bay, Eastern Buffer and 
Port Shelter Water Control Zones 

Parameter WQOs WCZ /  Part (s) of zone /Subzone to 
which the WQO applies 

Dissolved 
Oxygen (DO) 
(bottom) 

Not less than 2 mg/L for 90% 
samples; 

Marine waters of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs, 
and Fish Culture Subzones 

DO  
(Depth-averaged) 

Not less than 4 mg/L for 90% 
samples  

Marine waters of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs 

 Not less than 5 mg/L Fish Culture Subzones 

Annual mean depth-aver aged 
inorganic nitrogen not to exceed 0.1 
mg/L 

Port Shelter WCZ 

Annual mean depth-aver aged 
inorganic nitrogen not to exceed 0.3 
mg/L 

Marine waters of Mirs Bay and Junk Bay 
WCZs  

Nutrients 

Annual mean depth-aver aged 
inorganic nitrogen not to exceed 0.4 
mg/L 

Marine waters of Eastern Buffer WCZ 

Unionised 
ammonia 

Annual mean not to exceed 0.021 
mg/L 

Marine waters (all zones) of Mirs Bay, 
Junk Bay, Eastern Buffer and Port 
Shelter WCZs 

Annual geometric mean not to 
exceed 610cfu/100mL 

Secondary contact recreation subzones 
Port Shelter and Mirs Bay WCZs  

E. coli 

Annual geometric mean not to 
exceed 610cfu/100mL 

Fish culture subzones in Port Shelter, 
Junk Bay, Mirs Bay and Eastern Buffer 
WCZs 

pH To be in the range 6.5 - 8.5, change 
due to waste discharge not to 
exceed 0.2 

Marine waters of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs 
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Parameter WQOs WCZ /  Part (s) of zone /Subzone to 
which the WQO applies 

Change due to waste discharge not 
to exceed 10% of natural ambient 
level 

Whole Zone of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs  

Temperature Change due to waste discharge not 
to exceed 2°C 

Whole Zone of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs 

Suspended 
Solids (SS) 

Waste discharge not to raise the 
natural ambient level by 30% nor 
cause the accumulation of SS which 
may adversely affect aquatic 
communities 

Marine waters of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs 

Toxicants Not to be present at levels producing 
significant toxic effect 

Whole Zone of Mirs Bay, Junk Bay, 
Eastern Buffer and Port Shelter WCZs 

Source:  EPD: the Marine Water Quality in Hong Kong 2006 

4.3.3 Environmental Impact Assessment Ordinance (Cap. 499. S.16) 

4.3.3.1 Technical Memorandum on Environmental Impact Assessment Process (EIAO-
TM), Annexes 6 and 14 specifies the assessment method and criteria for water 
quality impact assessment.  This section follows the details of the assessment 
criteria and guidelines for evaluating water pollution. 

4.3.4 Water Supplies Department Water Quality Objectives 

4.3.4.1 Stipulate a set of water quality objectives for water quality at seawater intakes.  
Table 4.2 presents the relevant criteria.  The suspended solids and dissolved 
oxygen requirements are most relevant to this EIA study. 

Table 4.2 Water Supplies Department standards at Seawater Intakes 

Parameter WSD Target Limit 

Colour < 20 HU 

Turbidity < 10 NTU 

Threshold Odour Number < 100 Odour Unit 

Ammoniacal Nitrogen < 1 mg/L 

Suspended Solids < 10 mg/L 

Dissolved Oxygen > 2 mg/L 

Biochemical Oxygen Demand < 10 mg/L 

Synthetic Detergents < 5 mg/L 

E. coli < 20,000 no./100mL 
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4.3.5 Technical Memorandum on Standards for Effluents Discharged into Drainage 
and Sewerage Systems Inland and Coastal Water  

4.3.5.1 Provides guidance on the permissible effluent discharges for foul sewers, storm 
water drains, inland and coastal waters.  Should any effluent be generated from 
this Project, the effluent quality should comply with the standards for effluents 
discharged into the inshore waters or marine waters of Junk Bay WCZ, Eastern 
Buffer WCZ and Mirs Bay WCZ.  

4.3.6 Environment, Transport and Works Bureau Technical Circular (Works) no. 
34/2002 Management of Dredged/Excavated Sediment  

4.3.6.1 Sets out the procedure for seeking approval to dredge/ excavate sediment and the 
management framework for marine disposal of dredged/ excavated sediment. The 
Technical Circular also specifies the requirements for determination of sediment 
quality, classification of sediment and disposal arrangement for the sediment.  

4.4 Assessment Approach 

4.4.1 Marine Activities 

4.4.1.1 Various foundation options and construction methods have been evaluated in order 
to minimize the potential environmental impacts of the proposed Project.  Details of 
alternative site and construction options are presented in Section 2 of this EIA 
Report.  Table 4.3 summarizes the preferred foundation and substructure options 
for Project development. 

Table 4.3 Summary of Preferred Foundation and Substructure Options 

Item Preferred Type 

Foundation Suction Caisson Foundations 

Substructure  3 or 4 legged jacket substructure 

4.4.1.2 Foundation installation requires the removal of water from inside of the suction 
caissons to the ambient water through pumping.  The pumped out water may 
contain a certain amount of sediment.  Transmission power cables and collection 
power cables will be installed by jetting, with the exception of the section located 
within Junk Bay.  This section, approximately 3-km long, requires anchor protection 
which will require the deployment of a dredger.  Both jetting and dredging would 
cause release of sediment into the water body.   

4.4.2 Modelling Tool 

4.4.2.1 A fine grid model has been developed using the Delft3D suite of models for 
prediction of the impacts due to sediment dispersion in the construction phase and 
the changes in hydrodynamic regime within the Study Area after the completion the 
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Project.  Details of the model setup and calibration are presented in the Report on 
Wind Farm Model Calibration (Appendix 4A refers). 

4.4.2.2 The Delft3D-PART module using a particle tracking method has also been used to 
simulate the concentration distribution of suspended solids (SS).  Depletion of 
dissolved oxygen (DO) is calculated based on the modelled SS concentrations at 
WSRs. The concentrations of the other pollutants at the WSRs are estimated 
based on the results predicted by the model. 

4.4.3 Pollution Loads 

4.4.3.1 The proposed works will lead to the release of sediment and contaminants into the 
ambient water, resulting in potential water quality impacts.  Tidal currents are the 
controlling factor for the dispersion of sediment disturbed by foundation installation 
and cabling works.  Sediment release rates for different activities are estimated 
below based on the characteristics of the preferred construction methods and 
equipment:  

Dredging  

4.4.3.2 Rock amour protection involving the dredging of a trapezoidal trench is proposed 
for the cable in Junk Bay.  The approximate volume of dredged sediment is 
135,000m3, based on an approximately 3km long trapezoidal trench of nominal 3m 
depth (shown in Figure 3.2). The sediment would be extracted by closed-grab 
dredging followed by backfilling with rock.   The maximum dredging rate for the 
grab dredger is not expected to exceed 6,300m3 per day.  Sediment loss rates 
depend on the size of the grab dredger, small dredgers generally have higher 
sediment loss rates.  The approximate range of the sediment loss rates for large 
and small dredgers is between 12 kg/m3 and 25 kg/m3 (John et al., 2000).  In this 
study, a conservative value of the sediment loss rate for the grab dredger of 25 
kg/m3 is assumed. 

4.4.3.3 A portion of dredging work in Junk Bay is carried out near to the shore and may not 
be allowed between 19:00 and 07:00 hours on normal weekdays.  It is assumed 
that the work would be carried out over 12 hours per day with 6 working days per 
week for the transmission cable section in Junk Bay.  The worst-case scenario for 
dredging includes two grab dredgers operating at the same time with a minimum 
separation of 100 m.  Estimation of the sediment release rate for grab dredging is 
given below: 

Grab size = 11 m3   
Working hours = 12 hr/day  
No. of dredgers = 2 dredgers 
Daily dredging rate by two dredgers = 6,300m3 
Sediment loss rate (S-factor) = 25 kg/m3 

Sediment release rate = 
)360012(

1
/25300,6 33

shr

hr
mkgm


 = skg /65.3  
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4.4.3.4 The sediment release due to grab dredging is assumed to be continuous and the 
sediment load is allocated in the whole water column to represent the sediment 
loss during the lift motion of the grab.  

Jetting 

4.4.3.5 The maximum depth of cable embedment by the jetting machine is 5 m and the 
width of the trench is approximately 0.4 m.  The maximum jetting speed of the 
jetting machine is 150 m/hour or 0.0417 m/s.  Therefore, the jetting rate (rate of 

disturbance) is 0.0417 m/s  0.4 m wide   5 m deep trench = 0.0834 m3/s. 

4.4.3.6 The calculation of sediment release rate for jetting is based on the following 
relationship: 

Sediment release rate (kg/s) = jetting rate (m3/s)  dry density of the sediment 

(kg/m3)  percentage of loss rate (%) 

4.4.3.7 It is assumed that the percentage of loss rate (% of the disturbed sediment 
becomes suspension) is 20%1.  Based on the sediment analysis for this Project, the 
dry density of the sediment is about 1,105 kg/m3.  The sediment release rate for 
jetting is therefore: 

Sediment release rate (kg/s) = %20/1105/0834.0 33  mkgsm  = skg /43.18  

4.4.3.8 Release of sediment is concentrated at the bottom layer of the water column for 
jetting and is assumed as a continuous moving source at a speed of 150 m/hr 
along the offshore transmission power cable sections and at the foundation site.  A 
16 working hours per day with 6 working days per week is assumed for the jetting 
operation in this area.   

Water Pumping Out from Suction Caissons 

4.4.3.9 During the suction caisson installation, water inside the suction caisson would be 
pumped out and discharged into the surrounding water.  The total amount of water 
to be pumped out of each foundation is not expected to exceed 8,500 m3.  The 
pumping rate would not exceed 300 m3 / hour per pump, or 1,200 m3 / hour per 
foundation. 

4.4.3.10 It is assumed that at the beginning of the operation the water pumped from the 
suction caissons would be free of suspended solids as the upper water layer within 
the foundation would be extracted.  As the pumping progresses it may be expected 
that the lowest water layer within the foundation would contain a certain amount of 
suspended solids from the seawater / sediment interface. 

4.4.3.11 To verify these assumptions a field trial was conducted in May 2008 to measure 
turbidity and / or SS concentrations at the discharge location and a various points 
downstream from the discharge location. Field measurements revealed that the 
increase in SS above ambient levels was negligible throughout the trial installation, 

                                                      
1Castle Peak Power Company Limited, (2006). Liquefied Natural Gas (LNG) Receiving Terminal and 
Associated Facilities EIA. 
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with no sediment plume was observed using underwater video or visible at the 
water surface. 

4.4.3.12 To take a conservative approach for estimating the sediment release rate used in 
this water quality impact assessment, it is assumed that the water pumped out from 
the suction caissons contains an average of 15% sediment, which has been 
verified to be much higher than the result of the field water quality monitoring of a 
field trial presented in Section 4.7.2.  The dry density of the sediment, as 
determined through fieldwork, is 1,105 kg/m3.   The sediment concentration in the 
water pumped out from the suction caissons is thus 165.8 kg/m3. 

4.4.3.13 With reference to the Liquefied Natural Gas Receiving Terminal and Associated 
Facilities EIA, 80% of the sediment would fall from the water column to the seabed 
within a 70 m radius.  The percentage of the disturbed sediment in suspension is 
assumed to be 20%.  The sediment release rate for each foundation site has 
therefore been calculated as: 

2.0
3600

1
/8.165/1200 33 

s

hr
mkghrm = skg /05.11  

4.4.3.14 The suction pumps are installed at the top of the suction caissons.  Discharge of 
the water would be conservatively assumed to be highest at 10 m above the 
seabed as the whole suction caisson will penetrate into the seabed in time.  It is 
also conservatively assumed that the duration of the discharge is 8 hours for each 
foundation.    

Modelling Scenarios  

4.4.3.15 As shown in Figure 4.1, the proposed cable route has been divided into three 
sections in order to derive the worst-case scenarios.  Section 1 represents the 
transmission cable section in Junk Bay that requires anchor protection to be put in 
place within a dredged trench.  Two sediment release points (P1 and P2) have 
been nominated within this section for different scenarios. 

4.4.3.16 No more than two grab dredgers would be deployed and operate at the same time 
with a minimum separation of 100 m at each proposed sediment release point.  
Sediment release point P1 is located near the Seawater Intakes for WSD Pumping 
Station at Tseung Kwan O and the coral communities at Chiu Keng Wan.  
Sediment release point P2 is selected, so that it is located near the Coral 
Communities at Fat Tong Chau West. 
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Figure 4.1 Sediment Release Point Locations for the Worst-case Scenarios 

 

Figure 4.2   Potential Coral Translocation Sites in Junk Bay 
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4.4.3.17 Sections 2 and 3 represent the remaining offshore transmission power cable 
sections.  Installation of the cables will be by jetting only.   Sediment release points 
P3 and P4 are the sources representing the movement of the jetting machine 
within Section 2 and Section 3 respectively.  Only one jetting machine would be 
deployed for cable laying.  Therefore, jetting can only take place at one location in 
the entire Project area at any one time.  The jetting operation for this Project takes 
only one pass per cable installation to fluidize the sediment and lay the cable.  

4.4.3.18 The distance of each of the two sections is approximately 11 km.  Considering the 
maximum jetting speed of the jetting machine of 150 m/hr, the jetting operation can 
be expected to take 6 - 9 days depending on the actual length of the working day.  
As the period required to complete a single pass is less than the model simulation 
period of 15 days, it is conservatively assumed that the jetting machine 
continuously moves along the section throughout the entire simulation period.  This 
conservative approach covers different tidal stages during the release of sediment 
from the jetting machine.  

4.4.3.19 At the wind farm foundation site, there would be a maximum of three foundations 
installed concurrently.  Three sediment release points (P5, P6 and P7) which are 
the closest to the dredging site in Junk Bay and jetting operation of the 
transmission power cable sections are allocated on the south-eastern boundary of 
the foundation site to take into account the worst situation of cumulative impact 
from the construction activities of the Project at the western side of the Study Area.  
These sediment release point locations are also near the coral communities at 
Tuen Chau Tsai East and at One Foot Rock to represent the worst situation. 

4.4.3.20 In the case where foundation installations are carried out near the Victor Rock, 
which is one of the identified WSRs, three sediment release points (P8, P9 and 
P10) allocated at the north-eastern boundary of the foundation site in the closest 
proximity to this WSR are selected.  Jetting for the array cable laying is also 
considered to be conducted adjacent to these points to represent the worst 
situation that may adversely affect the coral communities at Victor Rock.  A moving 
source at sediment release point (P11) is used to represent the operation of the 
jetting machine. 

4.4.3.21 There are in total five worst-case scenarios for water quality impact assessment 
developed from a combination of different sediment release points that represent 
different construction activities for the entire project area.  Table 4.4 presents all 
the worst-case scenarios.     



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009 Section 4 - Page 10 
 
 

Table 4.4 Worst-case Scenarios 

Scenario Sediment Release Activities from the Wind 
Farm Project 

Concurrent Project 

Scenario 1 Section 1 - Dredging in Junk Bay at P1 

Section 2 - Jetting at P3 

Foundation Site - Water pumping at P5-P7 

 East Tung Lung Chau mud 
disposal area 

 Tseung Kwan O 
Development 

Scenario 2 Section 1 - Dredging in Junk Bay at P1 

Section 3 - Jetting at P4 

Foundation Site - Water pumping at P5-P7 

 East Ninepins mud disposal 
area 

 Tseung Kwan O 
Development 

Scenario 3 Section 1 - Dredging in Junk Bay at P2 

Section 2 - Jetting at P3 

Foundation Site - Water pumping at P5-P7 

 East Tung Lung Chau mud 
disposal area 

 Tseung Kwan O 
Development 

Scenario 4 Section 1 - Dredging in Junk Bay at P2 

Section 3 - Jetting at P4 

Foundation Site - Water pumping at P5-P7 

 East Ninepins mud disposal 
area 

 Tseung Kwan O 
Development 

Scenario 5 Section 1 - Dredging in Junk Bay at P2 

Foundation Site - Water pumping at P8-P10 & 
Jetting at P11 

 East Ninepins mud disposal 
area 

 Tseung Kwan O 
Development 

 

Scenario 1 

4.4.3.22 Scenario 1 is to simulate the impacts due to dredging at the nearest point to the 
seawater intakes for the WSD pumping station at Tseung Kwan O and coral 
communities at Chiu Keng Wan in Junk Bay.  Dredging takes place at sediment 
release point P1 in Section 1.  In order to take into account the potential impacts 
from the other activities of the same Project, jetting in Section 2 at source P3 and 
installation of three foundations at the foundation site (as represented by sediment 
release points P5 to P7) are also included to form this worst-case scenario.  

Scenario 2 

4.4.3.23 Scenario 2 is similar to Scenario 1 but jetting takes place in Section 3 of the 
transmission power cable section as represented by a moving source P4 for.  
Dredging also occurs at P1 in Section 1 of the transmission power cable section 
and water pumping operation takes place at P5 to P7 at the foundation site.   

Scenario 3 

4.4.3.24 Scenario 3 is to simulate the situation where dredging takes place nearest to the 
coral communities at Fat Tong Chau West in Junk Bay.  Release of sediment due 
to dredging operation is at P2 in Section 1 and concurrent Jetting is assumed in 
Section 2 at the moving source P3.  Three sediment release points (P5, P6 and 
P7) representing the water pumping operation are located at the foundation site.  
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Scenario 4 

4.4.3.25 Scenario 4 is similar to Scenario 3 but jetting takes place in Section 3 of the 
transmission power cable section as represented by a moving source P4.  
Dredging is also assumed to carry out at P2 in Section 1, which is located nearest 
to the coral communities at Fat Tong Chau West.  Water pumping operation takes 
place at P5 to P7 within the foundation site.  

Scenario 5 

4.4.3.26 Scenario 5 is to simulate the situation where jetting and water pumping operation 
for installation of three foundations are located nearest to Victor Rock.  The jetting 
operation is represented by a moving source P11 for release of sediment and 
water pumping operation is represented by sediment release points P8, P9 and 
P10 at the north-eastern boundary of the foundation site.  Dredging is assumed to 
carry out at sediment release point P2 in section 1 of the transmission power cable 
section.  

4.4.3.27 The projects or activities that would be carried out concurrently with this Project 
and are located near the Works include Tseung Kwan O Development and East 
Tung Lung Chau and East Ninepins mud disposal area.  The assessment of 
cumulative impacts takes into account the sediment release from these projects in 
the five worst-case scenarios. EIA’s for the Cruise Terminal at Kai Tak project and 
the Wan Chai Development Phase II project have suggested that coral colonies be 
translocated from their current locations to small sites in Junk Bay. Figure 4.1 a) 
shows that these potential coral translocation sites are 1.6 kilometers away from 
the cable corridor. Given this ample separation, no adverse impacts are anticipated 
at the potential coral translocation sites.  

4.4.3.28 The reclamation activity of Tsueng Kwan O Development together with the 
dredging operation of this Project may further increase the SS elevation in Junk 
Bay, and is included in all the worst-case scenarios for cumulative impact 
assessment.  The operation of the East Tung Lung Chau mud disposal area would 
not overlap with the disposal activity at East Ninepins mud disposal area.  
Sediment release from the disposal activity at East Tung Lung Chau mud disposal 
area is only included in Scenarios S1 and S3 where jetting operation takes place 
near this disposal area.  Jetting operation as considered in Scenarios 2 and 4 
would be carried out near the East Ninepins mud disposal area.  Therefore, 
sediment release from the disposal activity at East Ninepins mud disposal area is 
included in Scenarios 2 and 4 for cumulative impact assessment.  The disposal 
activity at East Ninepins, which is also located near the dredging operation in Junk 
Bay, is included in Scenario 5 together with the jetting operation at the foundation 
site to form the worst-case scenario for cumulative impact assessment.  

4.4.3.29 The approach of this study is to first examine the worst-case scenarios without any 
mitigation measures for reducing sediment release from jetting, dredging and water 
pumping operations.  Mitigated scenarios are, however, also included in the 
assessment to achieve compliance with the WQOs.  Therefore, the water quality 
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impacts during the construction stage of the Project examine both the unmitigated 
and mitigated scenarios. 

4.4.3.30 During the operational stage, the model runs also include drogue tracking for oil 
spill to assess the areas that are potentially affected by any potential oil spill 
events. 

4.4.4 Frictional Effects due to Wind Turbine Sub-structures 

4.4.4.1 The sub-structures of the wind turbines that are submerged in the sea cause 
friction on tidal flow.  The following method is used to account for the hydrodynamic 
impact due to the submerged sub-structures. 

4.4.4.2 As the hydrodynamic model grid size is larger than the wind turbine (~30m 
diameter2), it is not practicable to correspondingly refine the model grid size as the 
computational time would be significantly increased.  The frictional effects due to 
submerged bridge piers or vertical structures were modelled and assessed in other 
EIA studies3.  A similar approach is therefore adopted in this study to model and 
assess frictional effects caused by the sub-structures of the wind turbines.  With 
this approach, additional quadratic friction terms are added to the momentum 
equations to represent the frictional effects of wind turbine columns on the 
hydrodynamics.  The mathematical expressions for calculating the loss coefficients 
for accounting the frictional effects are given as follows: 
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Where, 
  is the density of water; 

x , y  and z  are sizes of the grid cell in x, y and z directions; 

 V


 is the velocity, 

22 V   UV


 is the magnitude of the velocity, U and V are 
velocity components in x and y directions; 

xlossC ,  and ylossC ,  are the loss coefficients in x and y directions; and   
Fx and Fy are drag forces induced by the sub-structure of the wind turbine in a grid 
cell, which are calculated as: 

                                                      
2 It is conservatively assumed that the diameter of the sub-structure is the same as that of the base 
footprint width, i.e. 30 m.  

3 Further Development of Tseung Kwan O Feasibility Study (EIA-111/2005); and Hong Kong 
Convention and Exhibition Centre, Atrium Link Extension (EIA-120/2006). 
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 (4-2) 
 
Where, 
n is the number of the turbine columns in the grid cell 

dC  is the drag coefficient; 
D is the diameter of the turbine column; 

Va
A

A
VV

e

T
e




 is the effective approach velocity; 

22
eee VUV 



 is the magnitude of the effective velocity, eU  and eV  are the 
effective velocity components in x and y directions; 

TA  is the total cross-section area; 

eA  is the effective cross-section area which is the difference between the total 
cross-section area and the area blocked by the turbine columns; and 
a  is the ratio of the total cross-section area to the effective cross-section area. 
 
Combining Equations (4-1) and (4-2), the loss coefficient used in the hydrodynamic 
model is expressed as: 

x

DanC
C

y

DanC
C

d
yloss

d
xloss







2

2
2

,

2

,

       (4-3) 
 

4.4.4.3 It is conservatively assumed that the diameter of the sub-structure is the same as 
that of the base footprint width of the foundation, i.e. 30 m.  The estimated loss 
coefficient for the sub-structure in the wind farm location is about 0.2.    

4.5 Baseline Conditions 

4.5.1 Description of the Environment 

4.5.1.1 To assess the existing water quality conditions in the study area covering the Mirs 
Bay, Port Shelter, Eastern Buffer and Junk Bay WCZs, the most recently published 
monitoring data collected at the EPD marine water monitoring stations near the 
proposed wind farm and transmission power cable route have been reviewed.  The 
data can be used to represent the baseline water quality conditions at 
representative water sensitive receivers.   
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4.5.1.2 The selected EPD marine water monitoring stations include MM8, MM9 and MM14 
in the Mirs Bay WCZ; PM1, PM4, PM6, PM7, PM8, PM9 and PM11 in the Port 
Shelter WCZ; EM1, EM2 and EM3 in the Eastern Buffer WCZ; and JM3 and JM4 in 
the Junk Bay WCZ.  A summary of EPD monitoring data collected in between 2002 
and 2006 is presented in Table 4.5 to Table 4.8. 

Table 4.5 Summary Statistics of Marine Water Quality in Junk Bay WCZ 
between 2002 and 2006 

EPD Monitoring Station Parameter 

  JM3 JM4 

23.3 23.1 Temperature (ºC)  

(15.9 - 29) (15.8 - 28.7) 

32.5 32.7 Salinity (ppt)  

(20.9 - 34.9) (22.2 - 35) 

6.2 6.1  

(3.2 - 9.8) (3.2 - 9.9) 

6.2 6.1 

Dissolved Oxygen 
(mg/L) 

Bottom 

(3.2 - 9.8) (3.2 - 9.9) 

87.0 85.9   

(45 - 145) (46 - 146) 

87.0 85.9 

Dissolved Oxygen 
(DO) (% saturation) 

Bottom 

(45 - 145) (46 - 146) 

8.1 8.1 pH value  

(7.7 - 8.7) (7.7 - 8.6) 

2.5 2.5 Secchi Disc Depth (m)  

(1 - 4.1) (0.5 - 4.5) 

9.1 9.8 Turbidity (NTU)  

(1.7 - 17.9) (2.6 - 37.4) 

3.3 4.9 Suspended Solids (SS) 
(mg/L) 

 

(0.6 - 10) (0.5 - 110) 

0.9 0.8 5-day Biochemical 
Oxygen Demand 
(BOD5) (mg/L) 

 

(0.2 - 5.9) (0.1 - 5.8) 

0.1 0.1 Ammonia Nitrogen 
(NH3-N) (mg/l) 

 

(0.007 - 0.25) (0.009 - 0.24) 

<0.1 <0.1 Unionised Ammonia 
(mg/L) 

 

(0 - 0.014) (0 - 0.022) 

<0.1 <0.1 Nitrite Nitrogen (mg/L)  

(0.002 - 0.1) (0.002 - 0.1) 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009 Section 4 - Page 15 
 
 

EPD Monitoring Station Parameter 

  JM3 JM4 

0.1 0.1 Nitrate Nitrogen (mg/L)  

(0.003 - 0.38) (0.008 - 0.36) 

0.2 0.1 Total Inorganic 
Nitrogen (TIN) (mg/L) 

 

(0.02 - 0.59) (0.03 - 0.63) 

0.2 0.2 Total Kjeldahl Nitrogen 
(mg/L) 

 

(0.05 - 0.49) (0.05 - 0.46) 

0.3 0.3 Total Nitrogen (mg/L)  

(0.1 - 0.81) (0.08 - 0.8) 

<0.1 <0.1 Orthophosphate 
Phosphorus (mg/L) 

 

(0.002 - 0.038) (0.002 - 0.054) 

<0.1 <0.1 Total Phosphorus 
(mg/L) 

 

(0.02 - 0.07) (0.02 - 0.07) 

0.6 0.6 Silica (as SiO2) (mg/L)  

(0.08 - 1.9) (0.05 - 2) 

Chlorophyll-a 3.4 2.8 

(μg/L) 

 

(0.4 - 30) (0.4 - 33) 

E. coli 277.2 225.8 

(count/100 mL) 

 

(1 - 7300) (1 - 3400) 

Faecal 511.5 541.4 

Coliforms (2 - 11000) (2 - 8400) 

(count/100 mL) 
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Table 4.6 Summary Statistics of Marine Water Quality in Mirs Bay WCZ 
between 2002 and 2006 

EPD Monitoring Station Parameter 

MM8 MM13 MM14 

22.9 23.1 22.9 Temperature (ºC)  

(15.4 - 29.7) (15.1 - 30.1) (15 - 29.8) 

33.1 33.2 33.2 Salinity (ppt)  

(21.2 - 35.1) (22.1 - 35.2) (23.1 - 35.2) 

6.5 6.6 6.6  

(2.5 - 9.2) (2.4 - 9.9) (2.8 - 9.1) 

6.5 6.6 6.6 

Dissolved Oxygen 
(mg/L) 

Bottom 

(2.5 - 9.2) (2.4 - 9.9) (2.8 - 9.1) 

91.5 92.7 92.4  

(35 - 134) (34 - 149) (40 - 134) 

91.4 92.7 92.5 

Dissolved Oxygen (DO) 
(% saturation) 

Bottom 

(35 - 134) (34 - 149) (40 - 134) 

8.2 8.2 8.2 pH value  

(7.9 - 8.7) (7.9 - 8.6) (7.8 - 8.7) 

3.8 4.6 4.1 Secchi Disc Depth (m)  

(1 - 10) (1.3 - 13) (1.5 - 10) 

10.9 12.2 9.7 Turbidity (NTU)  

(0.8 - 98.7) (0.7 - 149.6) (0.9 - 23.3) 

4.2 5.6 4.0 Suspended Solids (SS) 
(mg/L) 

 

(0.5 - 26) (0.5 - 210) (0.5 - 24) 

0.6 0.5 0.6 5-day Biochemical 
Oxygen Demand 
(BOD5) (mg/L) 

 

(0.1 - 3.2) (0.1 - 3.5) (0.1 - 3.6) 

<0.1 <0.1 <0.1 Ammonia Nitrogen 
(NH3-N) (mg/l) 

 

(0.005 - 0.067) (0.005 - 0.051) (0.005 - 0.06) 

<0.1 <0.1 <0.1 Unionised Ammonia 
(mg/L) 

 

(0 - 0.006) (0 - 0.005) (0 - 0.006) 

<0.1 <0.1 <0.1 Nitrite Nitrogen (mg/L)  

(0.002 - 0.053) (0.002 - 0.045) (0.002 - 0.045) 

<0.1 <0.1 <0.1 Nitrate Nitrogen (mg/L)  

(0.002 - 0.35) (0.002 - 0.57) (0.002 - 0.25) 

<0.1 <0.1 <0.1 Total Inorganic Nitrogen 
(TIN) (mg/L) 

 

(0.01 - 0.4) (0.01 - 0.62) (0.01 - 0.29) 
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EPD Monitoring Station Parameter 

MM8 MM13 MM14 

<0.1 <0.1 <0.1 Total Kjeldahl Nitrogen 
(mg/L) 

 

(0.05 - 0.26) (0.05 - 0.38) (0.05 - 0.28) 

0.2 0.1 0.1 Total Nitrogen (mg/L)  

(0.05 - 0.63) (0.05 - 0.8) (0.05 - 0.48) 

<0.1 <0.1 <0.1 Orthophosphate 
Phosphorus (mg/L) 

 

(0.002 - 0.019) (0.002 - 0.018) (0.003 - 0.019) 

<0.1 <0.1 <0.1 Total Phosphorus 
(mg/L) 

 

(0.02 - 0.24) (0.02 - 0.13) (0.02 - 0.04) 

0.5 0.5 0.5 Silica (as SiO2) (mg/L)  

(0.06 - 1.5) (0.06 - 3.2) (0.06 - 1.7) 

Chlorophyll-a 2.0 1.8 1.8 

(μg/L) 

 

(0.3 - 19) (0.4 - 20) (0.2 - 19) 

E. coli 5 2 3 

(count/100 mL) 

 

(1 - 25) (1 - 4) (1 - 13) 

Faecal 2 2 2 

Coliforms (1 - 8) (1 - 6) (1 - 9) 

(count/100 mL) 

 

   

Notes:   

1. Data presented are depth-averaged, expect as specified. 

2. Data presented are arithmetic means of the depth-averaged results except for E. 

coli and faecal coliforms, which are annual geometric means. 

3. Data in brackets indicate the ranges. 
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Table 4.8 Summary Statistics of Marine Water Quality in Eastern Buffer 
WCZ between 2002 and 2006 

EPD Monitoring Station Parameter 

  

  
EM1 EM2 EM3 

23.1 23.1 23.0 Temperature (ºC)  

(15.8 - 28.4) (15.7 - 28.5) (15.5 - 29.6) 

32.7 32.7 33.0 Salinity (ppt)  

(23.6 - 35) (22.9 - 35.1) (22.6 - 35.1) 

6.0 6.2 6.3  

(3.2 - 10.5) (3 - 8.6) (2.7 - 9.7) 

5.9 6.1 6.1 

Dissolved Oxygen 
(mg/L) 

Bottom 

(3.2 - 10.5) (3 - 8.6) (2.7 - 9.7) 

83.8 86.9 88.6 Dissolved Oxygen 
(DO) (% 
saturation) 

  

(45 - 154) (43 - 117) (39 - 133) 

82 84.5 84.8   Bottom 

(45 - 154) (43 - 117) (39 - 133) 

8.1 8.1 8.1 pH value  

(7.8 - 8.4) (7.8 - 8.5) (7.7 - 8.6) 

2.4 2.5 2.9 Secchi Disc Depth 
(m) 

 

(1.3 - 4.5) (1.3 - 5.3) (1.2 - 5.8) 

9.9 9.5 10.7 Turbidity (NTU)  

(3 - 43.6) (2.6 - 26.6) (2.4 - 96.1) 

4.0 4.1 4.0 Suspended Solids 
(SS) (mg/L) 

 

(0.8 - 20) (0.6 - 64) (0.6 - 52) 

0.7 0.7 0.6 5-day Biochemical 
Oxygen Demand 
(BOD5) (mg/L) 

 

(0.1 - 3.3) (0.1 - 5.3) (0.1 - 3.7) 

0.1 0.1 <0.1 Ammonia Nitrogen 
(NH3-N) (mg/l) 

 

(0.006 - 0.23) (0.007 - 0.2) (0.006 - 0.2) 

<0.1 <0.1 <0.1 Unionised 
Ammonia (mg/L) 

 

(0 - 0.015) (0 - 0.018) (0 - 0.012) 

<0.1 <0.1 <0.1 Nitrite Nitrogen 
(mg/L) 

 

(0.002 - 0.3) (0.002 - 0.12) (0.002 - 0.1) 

0.1 0.1 <0.1 Nitrate Nitrogen 
(mg/L) 

 

(0.005 - 0.56) (0.003 - 0.55) (0.002 - 0.4) 

0.2 0.1 0.1 Total Inorganic 
Nitrogen (TIN) 
(mg/L) 

 

(0.01 - 0.71) (0.02 - 0.75) (0.01 - 0.7) 

0.2 0.2 0.1 Total Kjeldahl 
Nitrogen (mg/L) 

 

(0.05 - 0.42) (0.06 - 0.52) (0.05 - 0.41) 

0.3 0.2 0.2 Total Nitrogen 
(mg/L) 

 

(0.07 - 0.94) (0.06 - 0.93) (0.05 - 0.91) 

<0.1 <0.1 <0.1 Orthophosphate 
Phosphorus 
(mg/L) 

 

 

(0.002 - 0.039) (0.002 - 0.036) (0.002 - 0.03) 
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EPD Monitoring Station Parameter 

  

  
EM1 EM2 EM3 

<0.1 <0.1 <0.1 Total Phosphorus 
(mg/L) 

 

(0.02 - 0.06) (0.02 - 0.13) (0.02 - 0.06) 

0.6 0.6 0.6 Silica (as SiO2) 
(mg/L) 

 

(0.05 - 1.9) (0.09 - 2.4) (0.05 - 2.2) 

Chlorophyll-a 2.5 2.4 2.3 

(μg/L) 

 

(0.2 - 23) (0.3 - 31) (0.3 - 27) 

E. coli 441 279 61 

(count/100 mL) 

 

(1 - 7500) (1 - 5900) (1 - 2000) 

Faecal 998 642 137 

Coliforms (1 - 12000) (1 - 14000) (1 - 4100) 

(count/100 mL) 

 

   

Notes:   

1. Date presented are depth-averaged, expect as specified. 

2. Data presented are arithmetic means of the depth-averaged results except for E. 

coli and faecal coliforms, which are annual geometric means. 

3. Data in brackets indicate the ranges. 
 

4.5.1.3 Between 2002 and 2006, the water quality conditions in the Junk Bay, Mirs Bay, 
Port Shelter and Eastern Buffer WCZs were satisfactory and had high compliance 
with WQOs.  The water quality at Eastern Buffer and Junk Bay WCZs had 100% 
full compliance with the key WQOs.  The water quality in these WCZs has 
improved when compared to the WQO compliance in 2001 after the 
implementation of the Harbour Area Treatment Scheme (HATS) Stage 1.   

4.5.1.4 As shown in Table 4.5 and Table 4.8, the water quality conditions of Junk Bay 
WCZ at Stations JM3 and JM4, and Eastern Buffer WCZ at Stations EM1, EM2 
and EM3 fully complied with the key WQOs including DO, SS and E. coli.   

4.5.1.5 According to EPD data from 1986 to 2001, the Mirs Bay and Port Shelter WCZs 
were subjected to effluent discharge from the Sha Tin and Tai Po Sewage 
Treatment Works and Red tides and fish kills frequently occurred in the 1990s. 

4.5.1.6 After implementation of the Tolo Harbour Action Plan, the water quality in Tolo 
Harbour has sharply improved.  In 2005, both Mirs Bay WCZ at Stations MM8, 
MM9 and MM10 and Port Shelter at Stations PM1, PM4, PM 6, PM7, PM8, PM9 
and PM11 fully complied with the WQOs for DO, SS, chlorophyll-a and E. coli as 
shown in Table 4.6 and Table 4.7. 
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4.5.2 Identification of Water Sensitive Receivers 

4.5.2.1 Water sensitive receivers (WSRs) located within the WCZs that could potentially be 
affected by this Project are listed below and their locations are shown in Figure 4.3.   

 Seawater Intakes at Chai Wan, Shau Kei Wan and Yau Tong 

 Fish Culture Zones at Port Shelters and mariculture farm at North Tung Lung 
Chau 

 Potential Marine Park 

 Gazetted / Non-gazetted Beaches at Clear Water Bay 

 Coral Communities 

 Fish Protection Areas 

 Artificial Reef Areas 

 Marine Mammals, in particular finless porpoises (Neophocaena phocaeniodes) 

 Marine benthic communities, in particular amphioxus 

Figure 4.3 Water Sensitive Receivers 
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Figure 4.3 a) Water Sensitive Receivers (zoom in west) 

 

Figure 4.3 b) Water Sensitive Receivers (zoom in east) 
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4.5.2.2 In order to systematically present the findings of the water quality impact 
assessment, every key WSR is assigned with a reference identifier.  A list of all the 
WSRs that have been agreed with EPD and AFCD is presented in Appendix 4B.  
The shortest distances of the marine works to the identified WSRs are also shown 
in this Appendix. 

4.6 Evaluation Criteria 

4.6.1.1 The key water quality parameters for assessment of the sediment dispersion 
arising from foundation installation, dredging and jetting activities are suspended 
solids (SS) and dissolved oxygen (DO).  The pollutants adhered on the marine 
sediment including metals, metalloid and micro-organic pollutants are also adopted 
as evaluation parameters for the assessment.  

4.6.1.2 Table 4.9 presents the proposed assessment criteria for SS and DO at the WSRs.  
The WQO for SS specifies that human activity or waste discharges shall not raise 
the ambient SS level by 30% and shall not affect aquatic communities.  Appendix 
4C summarises the allowable SS elevations for different categories of WSRs.  The 
ambient SS level at each of the WSRs was calculated based on the field data from 
2002-2006 collected at the EPD’s marine water monitoring stations that are the 
nearest to the WSRs.   

4.6.1.3 There is no existing legislative standard or guideline in Hong Kong for individual 
heavy metals and micro-organic pollutants (PCBs, PAHs and TBT) in marine 
waters.  In the past EIA studies, various international standards were adopted as 
the most applicable assessment criteria.  For the present study, comparisons were 
made amongst standards of EU, Japan, USA, UK, Australia and Singapore.  A 
conservative selection was carried out using the lowest limiting values from 
different international standards as the assessment criteria.  Table 4.10 presents 
the criteria for the evaluation of impacts due to heavy metals and organic 
compounds at WSRs. 
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Table 4.9 Proposed Water Quality Assessment Criteria 

WSRs Proposed Water Quality 
Criteria 

Reference 

WCZ WQO for SS 

TIN   0.1 mg/L 

Unionised Ammonia   0.021 
mg/L 

 

WQO for SS  Seawater Intakes for WSD 
Pumping Stations 

 
SS < 10 mg/L 

DO > 2 mg/L 

WSD Water Quality Standards at 
Sea Water Intakes 

Other Seawater Intakes WQO for SS  

WQO for SS  Fish Culture Zones 

SS < 50 mg/L CityU (2001) 

Potential Marine Park WQO for SS  

Gazetted / Non-gazetted 
Beaches 

WQO for SS  

WQO for SS  

SS deposition rate < 100 
g/m2/day 

CAPCO Ltd. (2006) 

Coral Communities 

SS < 10 mg/L above ambient 
level 

Pastorok & Bilyard (1985) 

Fish Protection Areas WQO for SS  

Artificial Reef Area WQO for SS  

Marine Mammals WQO for SS  

Note 1: WQO for SS refer to the Water Quality Objective for suspended solids for various WCZs stipulated under 
WPCO.  The WQO specifies that human activity or waste discharges shall not raise the ambient SS level by 30% and 
shall not affect aquatic communities. Details of the allowable SS elevations for WSRs are summarised in Appenxdix 
4C. 

 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009  Section 4 - Page 27
 
 

Table 4.10 Proposed Assessment Criteria for Heavy Metals/Trace Organics 

Metal / Contaminant Proposed Criteria (μg/L) Remarks 

Arsenic 10 Note (1) 

Cadmium 2.5* Note (2) 

Chromium 15* Note (2) 

Copper 5* Note (2) 

Lead 8.1* Note (3) 

Mercury 0.16 Note (5) 

Nickel 8.2* Note (3) 

Silver 1.9* Note (4) 

Zinc 40 Note (2) 

Total PAHs 3.0 Note (6) 

PCBs 0.03 Note (3) 

TBT 0.01 Note (3) 

Notes: 

*        Figures expressed in dissolved fraction 
(1) Environment Agency, Government of Japan 
(2) EC Dangerous Substances Directive (76/464/EEC), Environmental Quality Standards for List 1 and List 2 

dangerous substances 
(3) USEPA National Recommended Water Quality Criteria, Criterion Continuous Concentration 
(4) USEPA National Recommended Water Quality Criteria, Criterion Maximum Concentration 
(5) United Nations Economic and Social Commission for Asia and the Pacific, ASEAN Marine Water 
(6) Australian Water Quality Guidelines for Fresh and Marine Waters 
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4.7 Construction Phase Impact Assessment 

4.7.1 Identification of Impacts 

4.7.1.1 Land based construction activities are not included in this Study.  The construction 
principle activities that may cause water quality impact during the construction 
stages of the Project will be carried out in the sea and are listed below: 

 Dredging and anchor protection for the installation of transmission power cable 
in Junk Bay using dredgers; 

 Jetting for the installation of transmission power cable connecting to the 
section in Junk Bay to the offshore foundation site; 

 Jetting for the installation of collection power cable within the foundation site; 

 Installation of foundation involving pumping out seawater from inside of the 
suction caissons to the surrounding ambient water; 

 Sewage generation due to workforce; and 

 Accidental spillage of chemicals. 
 

4.7.1.2 Project development requires marine works to install turbine foundations and 
cables.  To prevent damage from anchors and other potential objects, the 
transmission cable within Junk Bay of approximately 3 km long shall be buried at 
about 5 m below the seabed, and shall be overlain with rock-amour to a level 
contiguous with the surrounding seabed.  The remaining transmission cable 
alignment of approximately 21 km and the array cables within the wind farm 
footprint shall be buried at about 3 to 5 meters below seabed. Figure 5.2 shows 
that the transmission cable alignment does not pass through any key coral 
communities.  

4.7.1.3 There are two transmission power cables for power transmission from the offshore 
transformer station to a substation facility on land. The location of the transformer 
station is illustrated in Figure 4.1. These two transmission cables will be buried 
approximately 50m apart; whilst in Junk Bay where cables will be buried in the 
same trench and covered with rock amour protection. Each jetting operation is a 
distinct event with impacts of a similar magnitude to the scenarios modeled. It is 
identified in Section 2.8.6 that the jetting of the cables will take approximately 2 
months to complete for each run.  Therefore any impacts of the operations 
adjacent to the site will be significantly separated by many tidal cycles and 
cumulative impacts of suspended sediments are not anticipated  

4.7.1.4 Two closed grab dredgers will be deployed for removing marine sediment along the 
transmission power cable section in Junk Bay, and the two cables shall be laid at 
the bottom of the trench side by side.  The fine content of the rock materials is 
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generally low and the rock materials used for backfilling would be inert.  As such, 
the water quality impact associated with rock fill will be low. 

4.7.1.5 The major concern is sediment release from dredging activity that may cause 
elevated SS levels in ambient waters leading to reduced sunlight penetration, 
mobilization of contaminants, and possible direct or induced effects on water 
sensitive receivers. 

4.7.1.6 The remaining transmission power cable and the collection power cables within the 
wind farm site will be installed by jetting which uses a strong water jet to fluidise the 
seabed generating a mixture of water and sediment close to the seabed.  
Dispersion of the sediment plumes may affect water sensitive receivers located on 
or near the seabed such as coral communities.  Since the sediment plumes are 
generated at the bottom layer of the water column where the flow velocity is low 
due to the bottom friction from the seabed, the SS would normally settle back onto 
the seabed quickly.  

4.7.1.7 Installation of wind turbine foundation initially makes use of gravity where the 
suction caissons are driven down into the seabed by the weight of the foundation 
structure and suction.  When gravity is balanced out by the frictional force, 
seawater inside the suction caissons will be mechanically pumped out to reduce 
the water pressure inside the suction caissons, thereby generating a net downward 
pressure to ease the foundation further into the seabed with minimal disturbance. 

4.7.1.8 The seawater pumped from the suction caisson foundation may contain a small 
amount of sediment. It is anticipated that at the beginning of the pumping process, 
the SS content in the pumped out water should be very low and would gradually 
increase when the suction caissons are almost completely penetrated into the 
seabed.  Similar to the dredging and jetting activities, dispersion of the SS may 
impact nearby water sensitive receivers.  Sediment dispersion modelling has been 
conducted to predict and assess the potential impact due to the dredging and 
jetting for cable installation and pumping of seawater from the suction caisson 
foundations. 

4.7.1.9 The proposed wind farm also comprises of a transformer station. Its foundation will 
also be installed using the same type of suction caisson foundation technique. 
Thus, the potential water quality impacts as a result from the foundation installation 
works will be the same as those predicted for wind turbine foundation.     

4.7.1.10 The construction activities may involve the use of chemicals such as paint, 
chemical solvents, mineral oils and fuel oil.  Accidental spillage of these chemicals 
into the seawater could be harmful to the aquatic life.  The risk of accidental 
spillage of chemicals can be reduced by implementation of good management 
practice.  Practicable and effective EM&A requirements are presented in the EM&A 
Manual of this Study.  Considering that the amount of chemicals to be used in the 
construction activities would be small, the potential impact of water pollution due to 
accidental spillage of chemicals is low.  
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4.7.2 Field Measurement & Sampling for Water Quality Impact of Suction Caisson 
Foundation Installation 

4.7.2.1 The proposed foundation works represent a new construction technique in the 
marine environment of the HKSAR.  Accordingly, turbidity and suspended solids 
data were obtained from the field measurements and sampling conducted in May 
2008 during the site trial for suction caisson installation to verify that installation 
would not result in adverse water quality impacts and that the assumptions used in 
the impact assessment were suitably conservative, or at least would not lead to an 
under-representation of impacts upon the water sensitive receivers. 

4.7.2.2 The physical parameters adopted for the site trial were as follows: 

 Caisson dimension = 3.5 m (diameter) x 12 m (height); 

 Pumping rate ≤ 200 m3 / hour; and 

 Installation duration = 75 minutes (between 15:45 and 17:00).   

 

4.7.2.3 Three sampling distances were selected to provide water quality data: 

 S1 – the immediate vicinity of the source; 

 S2 – 70m downstream from the source where 80% reduction in the 
suspended sediment level was assumed; and 

 S3 – 120m downstream from the source or 50m from S2. 

 

4.7.2.4 Figure 4.4 illustrates the schematic arrangement of these sampling stations. 

4.7.2.5 Additionally, two sampling depths, 10m and 5m above seabed were adopted for 
Stations S2 and S3 to represent the upper boundary and the centre of the 
trajectory of sediment discharge from the foundation as predicted by the 
mathematical model. Grab samples and in-situ measurements were taken 
sequentially from the locations every 15 minutes.   
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Figure 4.4 Schematic Representation of the Arrangement of the Sampling 
Stations 

 
 

4.7.2.6 Turbidity and suspended solid baselines were established through reference 
sample collection conducted prior to the installation works. 

4.7.2.7 Figure 4.5 presents the results of in-situ turbidity data measured at S1, S2 and S3 
during and after installation.  The result indicates that the overall turbidity at all 
stations was low and mostly below baseline level.   

4.7.2.8 Although a short-lasting spike in turbidity was recorded at S1 at the beginning of 
the installation, such increase decayed rapidly and was returned back to below the 
baseline level within 10 minutes as the installation progressed.   The turbidity levels 
recorded at S1 during the remaining course of installation was steadily low, which 
reflects no apparent increase in suspended solids in ambient water resulting from 
discharge of water pumped out from the suction can contained very low level of 
suspended solids.  

4.7.2.9 Moreover, it is noted that this sudden increase in turbidity at S1 was not detected at 
either of the downstream stations S2 or S3.  The turbidity data recorded at these 
two stations during and after the installation was consistently steady and below the 
baseline levels. 
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Figure 4.5 In-situ Turbidity at S1, S2 & S3 
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4.7.2.10 Likewise, the suspended solid levels recorded at S2 and S3 were steadily low at 
both of the sampling depths of these stations, as illustrated in Figure 4.6, which are 
consistent with the turbidity results.  The measured results are either at or below 
baseline levels indicate no significant increase in suspended solid levels resulting 
from the installation.     

Figure 4.6 Suspended Solids at S2 & S3 
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4.7.2.11 The field monitoring demonstrates that the results predicted by water quality 
modeling is significantly more conservative than the actual field installation, thus no 
or insignificant water quality impact arising from the installation of caisson 
foundation is anticipated.   
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4.7.3 Scenario Impact Assessment 

Dispersion of Sediment 

4.7.3.1 The potential water quality impacts in the construction stage of the Project are 
mainly due to the sediment dispersion and release of pollutants, which are 
originally adhered on the sediment, from the foundation installation and cabling 
works.  Disturbance to the marine sediment in the seabed causes suspension of 
the sediment in the water column. 

4.7.3.2 The foundation installation and cabling works, however, would not introduce 
additional sources of pollutant into the water column. Suspended solids (SS) and 
dissolved oxygen (DO) are the key water quality parameters that need to be 
assessed and compared against relevant criteria.  The Delft3D fine grid model was 
used to model the proposed worst-case scenarios and to simulate the sediment 
dispersion in the water environment. The following presents the predicted results of 
SS and DO without implementation of any mitigation measures:  

Scenario 1 

4.7.3.3 Appendix 4D includes the predicted increases in SS at all the WSRs for Scenario 
1.  The majority of the WSRs did not show detectable increases in SS, i.e. increase 
in SS is zero.  In order to show clearly which WSRs would be affected by the 
construction activities of the Project, the WSRs with detectable increases in SS, i.e. 
> 0.01 mg/L, in either the dry season or the wet season are presented in Table 
4.11.  The other WSRs with no detectable increases in SS are not presented in the 
table but can still be found in Appendix 4D.  

4.7.3.4 The coral communities at Junk Bay (CC26), Junk Island (CC27), Fat Tong Chau 
West (CC11) and seawater intake at Tseung Kwan O (SW13) in Junk Bay would 
be affected by the dredging and jetting operations.  The increases in maximum SS 
in the wet season at the coral communities at Junk Bay (3.03 mg/L), Junk Island 
(4.79 mg/L) and Fat Tong Chau West (2.97 mg/L) were higher than the allowable 
limit (2.03 mg/L).  The time series plots for increases in SS at CC11, CC26 and 
CC27 presented in Figure 4.7 show the high peaks of SS above the allowable SS 
elevations for this scenario.  Mitigation measures should be implemented to reduce 
the SS elevations at these WSRs to a level below the allowable limit. 
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Figure 4.7 Time Series Plots for Increase in SS – Scenario 1 
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4.7.3.5 The increases in mean SS during the dry season (0.00 – 0.03 mg/L) and the wet 
season (0.00 – 0.36) at these WSRs were below the allowable limits.  The average 
mean values of the increases in SS were also well below the allowable limits.    

4.7.3.6 It is likely that both the jetting operation (represented by sediment release point P3) 
and the dredging operation in Junk Bay (represented by sediment release point P1) 
contribute to the high peak SS levels at these locations.  The combined effects 
would be reduced when the jetting machine moves away from Junk Bay.  Hence, 
elevation of SS would be reduced.   

4.7.3.7 There would be slight increases in SS levels at the site with amphioxus occurrence 
(AO8), which is located to the southeast of Tung Lung Chau.  The increases were 
small, i.e. increases in mean SS were 0.03 mg/L in the dry season and 0.02 in the 
wet season.  The increases in maximum SS in the dry season (2.18 mg/L) and in 
the wet season (1.25 mg/L) were below the allowable limits.   

Table 4.11 Predicted Increases in SS (in mg/L) – Scenario 1 (Unmitigated 
Scenario) 

Allowable SS Elevation Predicted SS Elevation  

Dry Wet 
WSD 

ID 
Name 

 
 

Dry Wet 
Average of 

Dry and 
Wet 

Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC26 
Coral 

Communities at 
Junk Bay 

2.24 2.03 2.14 0.50 0.02 3.03 0.36 0.19 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

2.24 2.03 2.14 0.50 0.00 2.97 0.02 0.01 

AO8 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

2.24 1.87 2.06 2.18 0.03 1.25 0.02 0.03 

CC27 
Coral 

Communities at 
Junk Island 

2.24 2.03 2.14 0.23 0.00 4.79 0.20 0.10 

SW13

Seawater 
Intakes for WSD 
Pumping Station 
at Tseung Kwan 

O 

1.83 1.38 1.61 0.14 0.00 0.13 0.00 0.00 

Remarks: 1. Values of the increases in SS are depth-averaged SS concentrations. 2.The figure in bold    
represents that the predicted SS concentration is higher than the allowable SS elevation. 
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Scenario 2 

4.7.3.8 The predicted SS elevations at all the WSRs are included in Appendix 4D.  There 
were no SS elevations at most of the WSRs.  Table 4.12 shows the predicted SS 
elevations at the WSRs with detectable increases in SS for Scenario 2.  The WSRs 
with detectable increases in SS were the coral communities at Junk Bay (CC26), 
the site with amphioxus occurrence (AO9) and sighting points of marine mammal 
(MM8 and MM11).  The maximum increase in SS (3.03 mg/L) at coral communities 
at Junk Bay (CC26) in the wet season was higher than the allowable limit (2.03 
mg/L).  Figure 4.8 shows the time series plot of the predicted SS with exceedance 
in allowable limit during the occurrence of high peaks of SS.  

Figure 4.8 Time Series Plots for Increase in SS – Scenario 2 

 
 

4.7.3.9 All the seasonal and average mean SS increases were however below the 
allowable limits.  The transient high peaks of SS at CC26 would be mainly due to 
dredging. 
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Table 4.12 Predicted Increases in SS (mg/L) – Scenario 2 (Unmitigated 
Scenario) 

Allowable SS Elevation Predicted SS Elevation  

Dry Wet 
WSD 

ID 
Name 

Dry Wet 
Average 
of Dry 

and Wet 
Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC26
Coral 

Communities at 
Junk Bay 

2.24  2.03  2.14 0.50 0.02 3.03 0.36 0.19 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

2.24  1.87  2.06 0.46 0.01 0.36 0.00 0.005 

MM11
Sighting Point of 
Marine Mammal 

2.24  1.87  2.06 0.09 0.00 0.00 0.00 0.00 

MM8 
Sighting Point of 
Marine Mammal 

 2.24  1.87  2.06 0.00 0.00 0.32 0.00 0.00 

Remarks:  1  Values of the increases in SS are depth-averaged SS concentrations. 2.The figure in bold    
represents that the predicted SS concentration is higher than the allowable SS elevation. 

 

Scenario 3 

4.7.3.10 The predicted SS elevations at all the WSRs are included in Appendix 4D.  There 
were no SS elevations at most of the WSRs.  The predicted SS elevations at the 
WSRs with detectable increases in SS for Scenario 3 are presented in Table 4.13.  
Increases in SS were only detected at coral communities at Fat Tong Chau West 
(CC11) and at the site with amphioxus occurrence (AO8). 

4.7.3.11 There was no exceedance of the increases in seasonal and average mean SS of 
the dry and wet seasons.  However, the increases in maximum SS in the dry 
season (5.44 mg/L) and in the wet season (10.26 mg/L) at CC11 exceeded the 
corresponding allowable limits (2.24 mg/L for the dry season and 2.03 mg/L for the 
wet season).  The time series plots for increases in SS at CC11 during both the dry 
and wet seasons are shown in Figure 4.9.  Exceedances during the high peaks of 
SS are clearly shown in the time series plots.  It is worth noting that no mitigation 
measures are considered in this scenario.  
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Table 4.13 Predicted Increases in SS (mg/L) – Scenario 3  
(Unmitigated Scenario) 

Allowable SS Elevation Predicted SS Elevation 

Dry Wet 

WSD 
ID 

Name 

Dry Wet Average 
of Dry 

and Wet 
Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC11 Coral 
Communities at 
Fat Tong Chau 

West 

 2.24 2.03 2.14 5.44 1.22 10.26 1.18 1.20 

AO8 Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

 2.24 1.87 2.06 2.18 0.03 1.25 0.02 0.03 

Remarks:  1. Values of the increases in SS are depth-averaged SS concentrations. 2. The figure in bold 
represents that the predicted SS concentration is higher than the allowable SS elevation. 

 

Figure 4.9 Time Series Plots for Increase in SS – Scenarios 3  
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Scenario 4 

4.7.3.12 The predicted SS elevations with detectable increases in SS for Scenario 4 are 
presented in Table 4.14.  A complete list of the predicted SS elevations at all the 
WSRs are included in Appendix 4D.  Increases in SS were recorded at coral 
communities at Fat Tong Chau West (CC11), the site with amphioxus occurrence 
(AO9), and sighting points of marine mammal (MM8 and MM11). 

4.7.3.13 Based on the model predictions for this unmitigated scenario, there was no 
exceedance of the increases in seasonal mean and average mean SS of the dry 
and wet seasons at these WSRs.  However, the increases in maximum SS at 
CC11 in the dry season (4.93 mg/L) and in the wet season (7.29 mg/L) exceeded 
the corresponding allowable limits. 

4.7.3.14 The time series plots for increases in SS at CC11 during the dry and wet seasons 
in Figure 4.10 show the SS exceedances at different time intervals.  The 
exceedances would be related to the dredging operation in Junk Bay.   
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Table 4.14 Predicted Increases in SS (in mg/L) – Scenario 4 (Unmitigated 
Scenario)  

Allowable SS Elevation Predicted SS Elevation 

Dry Wet WSD 
ID 

Name 
Dry Wet 

Average 
of Dry 

and Wet  Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

 2.24 2.03 2.14 4.93 1.22 7.29 1.16 1.19 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

2.24 1.87 2.06 0.46 0.01 0.36 0.00 0.005 

MM8 
Sighting Point of 
Marine Mammal 

 2.24 1.87 2.06 0.00 0.00 0.32 0.00 0.00 

MM11
Sighting Point of 
Marine Mammal 

 2.24 1.87 2.06 0.09 0.00 0.00 0.00 0.00 

Remarks:  1. Values of the increases in SS are depth-averaged SS concentrations. 2. The figure in bold    
represents that the predicted SS concentration is higher than the allowable SS elevation.  
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Figure 4.10 Time Series Plots for Increase in SS – Scenarios 4 & 5 

 

Scenario 5 

4.7.3.15 The predicted SS elevations at all the WSRs are included in Appendix 4D.  Except 
at CC11, there were no SS elevations at the other WSRs.  Table 4.15 presents the 
increases in SS at CC11 for Scenario 5.  The jetting operation was allocated at the 
wind farm.  The only detectable increases in SS were at coral communities at Fat 
Tong Chau West (CC11).  The increases in maximum SS in the dry season (4.93 
mg/L) and in the wet season (7.29 mg/L) were higher than the corresponding 
allowable limits (2.24 mg/L in the dry season and 2.03 in the wet season).  The 
time series plot for the increases in SS at CC11 during the dry and wet seasons 
are also shown in Figure 4.9.  The results were the same as those of the Scenario 
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4.  WQO exceedances for SS frequently occurred over the simulation period.  
Since the location of CC11 is far away from the foundation site, the model 
predicted almost no influence from the jetting and water pumping activities at the 
foundation site.   

Table 4.15 Predicted Increases in SS (in mg/L) – Scenario 5 (Unmitigated 
Scenario) 

Allowable SS 
Elevation 

Predicted SS Elevation  

Dry Wet 
WSD 

ID 
Name 

Dry Wet 
Average 
of Dry 

and Wet
Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC11 
Coral Communities 
at Fat Tong Chau 

West 
 2.24 2.03 2.14 4.93 1.22 7.29 1.16 1.19 

Remarks: 1. Values of the increases in SS are depth-averaged SS concentrations. 2. The figure in bold    
represents that the predicted SS concentration is higher than the allowable SS elevation.  

 

4.7.3.16 Overall, for the five assessment scenarios, the maximum predicted concentrations 
of suspended solids at representative sensitive receivers occurred under Scenario 
3, with dry and wet season concentrations of 5.44 mg/L and 10.26 mg/L predicted, 
respectively. Elevations above the criteria were also predicted for other 
assessment scenarios, and appropriate mitigation measures have been devised 
accordingly as referred in sub-section 4.9.1. 

Release of Heavy Metals, Nutrients, Trace Organics and Other Pollutants 
from Sediment 

4.7.3.17 Polluted discharges from point sources and non-point sources cause contamination 
to the marine sediment on the seabed.  The potential pollutants may include heavy 
metals, nutrients and trace organics.  Marine sediment sampling at selected 
locations and laboratory analysis have been conducted for this Study.  Testing 
results on sediment quality are presented in the Section 3 Waste Management of 
this EIA Report. 

4.7.3.18 The key concern on marine sediment related to water quality impact assessment is 
the potential release of pollutants from the disturbed sediment during the carrying 
out of marine works.  At the point where the sediment is rigorously disturbed, the 
concentrations of pollutants released from the sediment are expected to be 
highest.  Tidal currents carry the pollutants downstream diluting the pollutant 
concentrations through mixing with the ambient water.   

4.7.3.19 The mixing zone as defined in the EIAO-TM is a region of a water body where 
initial dilution of a pollution input takes place and where water quality criteria can be 
exceeded.  The size of mixing zone is determined by checking the SS 
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concentration of sediment plume at its outer edge where SS concentration is 30% 
of the increase in the ambient level. Mixing zone sizes were obtained through a 
review of test model runs. The radii of the mixing zone where initial dilution of SS 
takes place for the jetting operation were predicted less than 130 m during the dry 
season and less than 120 m during the wet season.  The thickness of mixing layer 
was less than about 1.5 to 3 m from the seabed.   

4.7.3.20 The dredging operation would generate a mixing zone of less than 180 m, which is 
a distance between the dredging point and the location where SS concentration is 
30% of the increase in the ambient level, during both the dry and wet seasons, 
extending throughout the whole water column at the dredging points.  The mixing 
zone generated by water pumping operation during installation of suction caissons 
in both the dry and wet seasons would be less than 190 m.  The thickness of 
mixing layer would be less than 10 m from the seabed.  The model predicted that 
areas influenced by the jetting, dredging and water pumping operations were within 
a short distance from the sediment release points of these activities.   

4.7.3.21 Elutriate and pore water tests were conducted for sediment samples collected at 
seven locations (S1 – S7) along the proposed cable route.  Figure 4.11 shows the 
locations of the sediment sampling locations.  The tested parameters include 
cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), 
silver (Ag), zinc (Zn), arsenic (As), PAHs, PCBs, ammonia nitrogen (NH3-N, NH4-
N), nitrite (NO2-N), nitrate (NO3-N), total Kjeldahl nitrogen (TKN), total inorganic 
nitrogen (TIN), 5-day biochemical oxygen demand (BOD5), organo-chlorine 
pesticides and tributyltin (TBT).  Appendix 4E summarises the elutriate test results. 

4.7.3.22 Comparisons of the elutriate test results of the heavy metals with the proposed 
assessment criteria in Table 4.10 show that the concentrations of the heavy metals 
including silver, cadmium, chromium, copper, nickel, lead and mercury at all the 
sampling locations were below the corresponding assessment criteria.  However, 
the concentrations of arsenic at most of the sediment sampling locations S1-S4 
and S6-S7 at various depths exceeded the proposed criterion of 10 µg/L. 

4.7.3.23 The arsenic concentrations at various depths were different.  The detected highest 
concentrations are given in Table 4.16.  It is assumed that the arsenic levels in the 
ambient water are insignificantly low.  The required dilution rates to lower the 
arsenic concentrations from the sources to the water sensitive receivers are 
estimated and included in the table.  The range of the required dilution is between 
4.0 and 10.2. 

4.7.3.24 Dilution was estimated using the model by introducing an inactive tracer with a 
constant loading at a grid cell, which represents the discharge point.  Discharge of 
the inactive tracers was assumed at the fixed dredging points (P1 and P2) and at 
different grid cells along the jetting route in Section 2 and Section 3.  The jetting 
speed was used to estimate the approximate locations of the jetting machine, 
hence to determine the grid cells for release of sediment due to jetting.  Different 
tracers were used to represent the sediment releases at different dredging points 
and locations of the jetting machine.  The tracer concentrations at the discharge 
point and at the WSRs were monitored throughout the simulation period.  The 
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tracer concentrations at the potentially affected WSRs for Scenarios 1 to 5 as 
shown in Table 4.11 to Table 4.15 were obtained from the model to estimate the 
dilution rates.  It is worth noting that these WSRs are located nearest to the 
dredging and jetting locations.  Should the dilution rates be achieved to reduce the 
arsenic concentrations to a level lower than the assessment criterion at these 
WSRs, there should be no adverse impacts to the other WSRs located farther 
away from the source. 

Figure 4.11 Sediment Sampling Locations 
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Table 4.16 Highest Arsenic Concentrations at Sediment Sampling 
Locations S1 to S7 and Required Dilution Rates 

Sediment Sampling 
Location 

Highest Concentration (Depth 
of Sampling) 

Required Dilution 

S1 
72.7 µg/L 

(3.0-3.9 m) 
7.3 

S2 
102 µg/L 

(0.0-0.9 m) 
10.2 

S3 
98.9 µg/L 

(2.0-2.9 m) 
9.9 

S4 
32.7 µg/L 

(0.0-0.9 m) 
3.3 

S5 
8.6 µg/L 

(1.0-1.9 m) 

The highest arsenic 
concentration (8.6 µg/L) is below 

the assessment criterion of 10 
µg/L 

S6 
55.6 µg/L 

(6.0-8.9 m) 
5.6 

S7 
39.7 µg/L 

(3.0-5.9 m) 
4.0 

 

4.7.3.25 Table 4.17 summarises the predicted dilution rates for the dry and wet seasons 
that can be achieved at these WSRs.   The predicted results ranged between 11.1 
and 117.6.  The sediment sampling points nearest to the WSRs and the required 
dilution rates to lower the arsenic to acceptable levels are also included in the table 
for comparison.  At the WSRs, the predicted dilution rates were all higher than the 
corresponding required dilution rates.  Table 4.18 presents the calculated 
maximum arsenic concentrations at selected WSRs. All the arsenic concentrations 

are below the assessment criterion of 10 g/L.  It is expected that the potential 

release of arsenic would be diluted rapidly by the ambient water and would not 
pose any risk to the nearby WSRs.   

4.7.3.26 At sediment sampling location S5, zinc concentrations (41 – 42 µg/L) collected at 
depth from 1.0 m to 2.9 m were marginally higher than the assessment criterion of 
40 µg/L.  The predicted dilution rates at AO9, MM8 and MM11 in the dry and wet 
seasons for different scenarios ranged between 33.3 and 76.9, which should be 
able to lower zinc concentrations rapidly to ambient levels within a short distance 
from the source.  
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Table 4.17 Predicted Dilution Rates at Selected WSRs 

Scenario 

WSR 
Nearest Sediment 

Sampling Point 
(Required Dilution) 

1 2 3 4 5 

Dry Season 

CC11 
S2, S3 

(9.8 – 10.2) 
27.8 - 12.3 22.2 22.2 

CC26 
S1, S2 

(7.3 – 10.2) 
21.3 21.3 - - - 

CC27 
S1 

(7.3) 
12.5 - - - - 

AO8 
S4 

(3.3) 
58.8 - 58.8 - - 

AO9 
S4, S5A 

(3.3) 
- - - 76.9 - 

SW13 
S2 

(10.2) 
117.6 - - - - 

MM11 
S4, S5A 

(3.3) 
- 62.5 - 62.5 - 

MM8 S5A - 71.4 - 71.4 - 

Wet Season 

CC11 
S2, S3 

 
(9.8 – 10.2) 

27.8 - 14.3 29.4 29.4 

CC26 
S1, S2 

(7.3 – 10.2) 
14.9 14.9 - - - 

CC27 
S1 

(7.3) 
11.1 - - - - 

AO8 
S4 

(3.3) 
50.0 - 50.0 - - 

AO9 
S4, S5A 

(3.3) 
- - - 71.4 - 

SW13 
S2 

(10.2) 
43.5 - - - - 

MM11 
S4, S5A 

(3.3) 
- 45.5 - 45.5 - 

MM8 S5A - 33.3 - 33.3 - 

Remark: A. The highest arsenic concentration (8.6 µg/L) is below the assessment criterion of 10 µg/L.  
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Table 4.18 Calculated Maximum Arsenic Concentrations (g/L) at Selected 
WSRs 

Scenario 

WSR 

Nearest 
Sediment 

Sampling Point 
(Assessment 

Criterion) 1 2 3 4 5 

Dry Season 

CC11 
S2, S3 

(10 µg/L) 
3.53 – 3.67 - 7.97 – 8.29  

4.41 – 
4.59 

4.41 – 4.59 

CC26 
S1, S2 

(10 µg/L) 
3.43 – 4.79 3.43 – 4.79 - - - 

CC27 
S1 

(10 µg/L) 
5.84 - - - - 

AO8 
S4 

(10 µg/L) 
0.56 - 0.56 - - 

AO9 
S4, S5A 

(10 µg/L) 
- - - 0.43 - 

SW13 
S2 

(10 µg/L) 
0.87 - - - - 

MM11 
S4, S5A 

(10 µg/L) 
- 0.53 - 0.53 - 

MM8 
S5A 

(10 µg/L) 
- 1.20 - 1.20 - 

Wet Season 

CC11 
S2, S3 

 
(10 µg/L) 

3.53 – 3.67 - 6.85 – 7.13 
3.33 – 
3.47 

3.33 – 3.47 

CC26 
S1, S2 

(10 µg/L) 
4.90 – 6.85 4.90 – 6.85 - - - 

CC27 
S1 

(10 µg/L) 
6.58 - - - - 

AO8 
S4 

(10 µg/L) 
0.66 - 0.66 - - 

AO9 
S4, S5A 

(10 µg/L) 
- - - 0.46 - 

SW13 
S2 

(10 µg/L) 
2.34 - - - - 

MM11 
S4, S5A 

(10 µg/L) 
- 0.73 - 0.73 - 

MM8 
S5A                       

(10 µg/L) 
- 2.58 - 2.58 - 

Remark: A. The highest arsenic concentration (8.6 µg/L) is below the assessment criterion of 10 µg/L. 
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4.7.3.27 A summary of the Sediment Quality Report including elutriate testing is included in 
Section 3 Waste Management.  The elutriate test results of trace organics (PAHs, 
PCBs and TBT) and organochlorine pesticides were all below detecting limits.  The 
potential water quality impacts due to releases of these contaminants from the 
marine sediment during dredging, jetting and water pumping operations are not 
expected.   

4.7.3.28 The EPD marine water quality monitoring stations at different WCZs including JS2, 
ES1, ES4, MS8, MS13, MS14, PS3, PS5 and PS6 are located nearest to 
transmission power cable route and the foundation site.  The most recently 
published water quality data at these stations were collated and used to represent 
the background water quality conditions.  The concentrations of ammonia, organic 
nitrogen, total Kjeldahl nitrogen, total inorganic nitrogen and biochemical oxygen 
demand obtained from the elutriate tests were generally higher than the 
background levels of these contaminants in the ambient water.  However, the 
laboratory results did not show any abnormally high concentrations of these 
contaminants. 

4.7.3.29 Although the seabed will be disturbed by dredging, jetting and water pumping 
operations, the nutrients and organic materials attached to the marine sediment 
may not be completely released into the ambient water and part of the 
contaminants may still remain in the sediment.  The actual concentrations of these 
contaminants in the ambient water should be lower than the elutriate test results. 

4.7.3.30 Based on the model predictions and the contour plots for increases in SS, the 
mixing zone remains in the close vicinity of the sediment release point.  Releases 
of these contaminants from the SS would be rapidly mixed and diluted by the 
ambient water within the mixing zone.  The impacts on the nearby WSRs would be 
limited and transient.  Both the jetting and water pumping operations release 
sediment near the sea bottom, most of the suspended solids would quickly deposit 
back on the seabed within a short distance from the release points reducing the 
potential impacts due to release of these contaminants.  As presented in Appendix 
E, the elutriate test results of the heavy metals are below the proposed assessment 
criteria except arsenic and zinc with concentrations higher than the corresponding 
assessment criteria at certain sampling locations.  After dilution by the ambient 
water, the arsenic concentrations would be lower to acceptable levels (Tables $.17 
and 4.18).  The tested parameters including organochlorine pesticides, TBT, total 
PAHs and PCBs are all below detection limits.  The potential water quality impacts 
due to release of these contaminants should be insignificant.  

4.7.3.31 The background levels of ammonia (0.05 – 0.06 mg/L), organic nitrogen (0.1 – 0.11 
mg/L), total Kjeldahl nitrogen (0.15 – 0.17 mg/L) and total inorganic nitrogen 
(0.12 – 0.16 mg/L) measured at the EPD Marine Water Sampling Stations nearest 
to the sediment sampling locations were comparatively lower than the elutriate test 
results of these parameters, i.e. ammonia: 0.72 – 3.84 mg/L; organic nitrogen: 
0.37 – 0.86 mg/L; total Kjeldahl nitrogen: 1.16 – 4.53 mg/L; total inorganic nitrogen: 
0.72 – 3.84 mg/L.  The elutriate test results of nitrite and nitrate were below 
detection limit of 0.01 mg/L, which is lower than the background levels.  The BOD 
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concentrations (2.0 – 8.0 mg/L) obtained from the elutriate tests are higher than the 
background levels (0.54 – 0.56 mg/L).  The TIN and UIA concentrations measured 
from the elutriate testing were higher than the corresponding WQO requirements 
(UIA < 0.021 mg/L; TIN < 0.3 mg/L within Mirs Bay and Junk Bay WCZs, and < 0.4 
mg/L within Eastern Buffer WCZ). Also, the concentrations of ammonia and total 
kjeldahl nitrogen, which has potential to convert to TIN, were also high. Release of 
high concentrations of these contaminants could be toxic to the aquatic 
environment hence control measurees are required, and it is recommended to 
include UIA and TIN as the monitoring parameters in the construction phase water 
quality monitoring. Should any exceedance of the monitoring requirements as 
stated in the EM&A Manual, remedial actions should be taken promptly to ensure 
that the potential release of TIN and UIA would not cause unacceptable impacts to 
the aquatic environment. 

4.7.3.32 he estimated dilution rates as presented in Table 4.17 should be able to rapidly 
dilute the BOD concentrations to close to background levels. Adverse effects on 
the identified WSRs due to the high BOD concentrations reported from laboratory 
testing appear not be a major concern.  The effects on the DO levels in the ambient 
water are expected to be confined mainly within the dredging zone.  An 
assessment of dissolved oxygen depletion at WSRS due to the increases in SS is 
given later in this section.      

4.7.3.33 Mitigation measures such as deployment of silt curtains to surround the dredging 
site and use of closed grab dredgers would be recommended to minimise the 
release of the contaminants into ambient waters.  It is anticipated that release of 
heavy metals, nutrients, trace organics and other pollutants from sediment would 
be confined within the dredging zone.  Impacts to the nearby WSRs are minimal. 

Sediment Deposition 

4.7.3.34 The assessment criterion for coral communities is based on the sediment 
deposition rate of 100 g/m2/day.  The fine grid model was used to simulate the 
sediment deposition rates.  The predicted maximum sediment deposition rates 
during the dry season at coral communities for Scenarios 1 to 5 are included in 
Appendix 4D.  Table 4.19 presents the WSRs (CC11 and CC26) with detectable 
increases in sediment deposition rates. 

4.7.3.35 The predicted sediment deposition rates at the coral communities at Junk Bay 
(CC26) in the dry season for Scenarios 1 and 2 were 35.8 g/m2/day, which is below 
the assessment criterion.  There were no changes in sediment deposition rates at 
CC26 for Scenarios 3 to 5.  The model predicted that the sediment deposition rates 
at the coral communities at Fat Tong Chau West (CC11) for Scenarios 3, 4 and 5 
ranging between 212.9 g/m2/day and 248.4 g/m2/day exceeded the assessment 
criterion of 100 g/m2/day but no exceedance for Scenarios 1 and 2.    

4.7.3.36 More exceedances were found at these two WSRs in the wet seasons, as 
displayed by Table 4.20.  Except Scenario 2, the predicted sediment deposition 
rates at CC11 for other scenarios exceeded the criterion.  The ranges were 
between 128.3 g/m2/day and 443.2 g/m2/day.  At the coral communities at Junk 
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Bay (CC26), both the predicted sediment deposition rates for Scenarios 1 and 2 
(130.9 g/m2/day) exceeded the criterion but there were no changes in sediment 
deposition rate at this WSR for Scenarios 3 to 5.   

4.7.3.37 Implementation of mitigation measures are required to avoid exceedance and 
potential impact upon the coral communities at Fat Tong Chau West and Junk Bay.  
Mitigation measures including the use of silt curtains and adoption of a lower jetting 
speed would reduce impacts to an acceptable level.  Stand type or cage type silt 
curtains should be used surrounding the dredging area to minimize release of 
sediment.  Figure 4.12 shows the deployment arrangement of the silt curtain.  With 
reference to the relevant EIA studies4, deployment of silt curtains around the works 
area achieves a SS reduction factor of 75%.  With the reduction in release of 
sediment from the dredging area, the sediment deposition rates at WSRs should 
be much reduced. Details of analysis are shown in Section 4.10. 

Table 4.19 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Dry Season – Scenarios 1 to 5 (Unmitigated 
Scenarios) 

Scenario WSR 
ID. 

Name 
Assessment 

Criterion 
(g/m2/day) 1 2 3 4 5 

CC11 
Coral Communities 
at Fat Tong Chau 

West 
<100 34.5 0 248.4 212.9 212.9 

CC26 
Coral Communities 

at Junk Bay 
<100 35.8 35.8 0 0 0 

CC27 Junk Island <100 0 0 0 0 0 

Remarks: 1. The sediment deposition rates displayed above are maximum values calculated by the 
model. 2. The figure in bold represents that the predicted sediment deposition rate is higher than the 
assessment criterion. 

 

Table 4.20 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Wet Season – Scenarios 1 to 5 (Unmitigated 
Scenarios) 

Scenario WSR 
ID. 

Name 
Assessment 

Criteria 
(g/m2/day) 1 2 3 4 5 

CC11 
Coral Communities 
at Fat Tong Chau 

West 
<100 128.3 0 443.2 314.9 314.9 

CC26 
Coral Communities 

at Junk Bay 
<100 130.9 130.9 0 0 0 

CC27 Junk Island <100 206.9 0 0 0 0 

Remarks: The sediment deposition rates presented above are maximum values calculated by the model. 
2. The figure in bold represents that the predicted sediment deposition rate is higher than the 
assessment criterion. 

                                                      
4 Wanchai Development Phase II Comprehensive Feasibility Study EIA; and Mott MacDonald. Contaminated Spoil 
Management Study, Final Report, Vol. 1, EPD, 1991. 
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Figure 4.12 Arrangement of Silt Curtain 
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Dissolved Oxygen Depletion 

4.7.3.38 Dissolved oxygen depletion is estimated based on the suspended solids 
concentration predicted by the model.   The oxygen depletion at the WSRs for each 
scenario is calculated using the following equation: 

 
610 KSODCDOdep  

 
Where DOdep = Dissolved oxygen depletion (mg/L) 

 C = Suspended solids concentration (mg/L) obtained from  

     the model 

SOD = Sediment Oxygen Demand (=16,000 mg/kg based on 
sediment analysis for this Project) 

K = Daily oxygen uptake factor (=1.05) 

 

4.7.3.39 Re-aeration at the water surface to increase the dissolved oxygen content in the 
water column is not included in the above equation.    

4.7.3.40 Appendix 4D includes the predicted DO depletion at all the WSRs due to increases 
in maximum SS concentrations for Scenarios 1 to 5 during the dry and wet 
seasons.  Only the WSRs with detectable DO depletion are included in Table 4.21 
(dry season) and Table 4.22 (wet season).  The background DO and resulting DO 
of these WSRs are given in Table 4.23. 

                                                      
5 Castle Peak Power Company Limited (2006). Liquefied Natural Gas (LNG) Receiving Terminal and Associated 
Facilities EIA. 
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Table 4.21 Predicted Depletion in DO due to Maximum Increase in SS 
Concentrations (in mg/L) – Dry Season (Unmitigated Scenarios) 

Scenario WSR 
ID 

Name 
Assessment 

Criteria 1 2 3 4 5 

CC26 
Coral 

Communities at 
Junk Bay 

> 4 0.008 0.008 - - - 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

> 4 0.008 - 0.087 0.079 0.079 

AO8 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

> 4 0.035 - 0.035 - - 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

> 4 - 0.007 - 0.007 - 

MM11 
Sighting Point of 
Marine Mammal 

> 4 - 0.001 - 0.001 - 

 

Table 4.22 Predicted Depletion in DO due to Maximum Increase in SS 
Concentrations (in mg/L) – Wet Season (Unmitigated Scenarios) 

Scenario WSR 
ID 

Name 
Assessment 

Criteria 1 2 3 4 5 

CC26 
Coral 

Communities at 
Junk Bay 

> 4 0.048 0.048 - - - 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

> 4 0.048 - 0.164 0.117 0.117 

AO8 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

> 4 0.02 - 0.02 - - 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

> 4 - 0.006 - 0.006 - 

MM8 
Sighting Point of 
Marine Mammal 

> 4 - 0.005 - 0.005 - 

CC27 
Coral 

Communities at 
Junk Island 

> 4 0.077 - - - - 

SW13 

Seawater Intakes 
for WSD Pumping 
Station at Tseung 

Kwan O 

> 4 0.002 - - - - 
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Table 4.23 Resulting DO due to Maximum Increase in SS Concentrations 
(in mg/L) – Dry and Wet Season (Unmitigated Scenarios) 

Dry Season Wet Season 

Depth Averaged Depth Averaged WSR 
ID 

Scen
ario 

Asses
sment 
Criteri

a Background 
DO  

DO 
Depletion 

Resulting 
DO  

Background 
DO 

DO 
Depletion 

Resulting 
DO  

1 > 4 6.255 0.008 6.247 6.043 0.048 5.995 
CC26 

2 > 4 6.255 0.008 6.247 6.043 0.048 5.995 

1 > 4 6.255 0.008 6.247 6.043 0.048 5.995 

3 > 4 6.255 0.087 6.168 6.043 0.164 5.879 

4 > 4 6.255 0.079 6.176 6.043 0.117 5.926 
CC11 

5 > 4 6.255 0.079 6.176 6.043 0.117 5.926 

1 > 4 6.996 0.035 6.961 6.148 0.02 6.128 
AO8 

3 > 4 6.996 0.035 6.961 6.148 0.02 6.128 

2 > 4 6.996 0.007 6.989 6.148 0.006 6.142 
AO9 

4 > 4 6.996 0.007 6.989 6.148 0.006 6.142 

2 > 4 6.996 0.001 6.995 - - - 
MM11 

4 > 4 6.996 0.001 6.995 - - - 

2 > 4 - - - 6.148 0.05 6.143 
MM8 

4 > 4 - - - 6.148 0.05 6.143 

CC27 1 > 4 - - - 6.043 0.077 5.966 

SW13 1 > 4 - - - 6.213 0.002 6.211 

 

4.7.3.41 The DO depletion at the WSRs located nearest to the sediment release points was 
insignificantly low ranging from 0.001 to 0.087 mg/L in the dry season, and from 
0.002 to 0.164 mg/L in the wet season.  For dry season, the lowest resulting DO 
was recorded at CC11 for scenario 4 and 5 (6.176 mg/L), whereas the lowest 
resulting DO was recorded at CC11 for scenario 3 (5.879 mg/L) for wet season.  
The WSRs located farther away from the sediment release points did not have 
noticeable changes in dissolved oxygen levels.  Overall, the modeling results 
showed full compliance with the WQO for depth-averaged DO of 4mg/L in the Junk 
Bay and Mirs Bay.  The construction activities of the proposed wind farm would not 
affect the dissolved oxygen levels at the identified WSRs.  

4.7.4 Cumulative Impacts due to Concurrent Projects 

4.7.4.1 The Further Development of Tseung Kwan O project may be carried out 
concurrently with the proposed wind farm project.  A strip of land would be 
reclaimed to provide additional land for the Western Coast Road along the western 
shoreline of Junk Bay.  Dredging and filling for reclamation under the Further 
Development of Tseung Kwan O project and the dredging operation under the 
present project may cause cumulative water quality impacts particularly to the 
water sensitive receivers in Junk Bay.   



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009  Section 4 - Page 54
 
 

4.7.4.2 Based on the Further Development of Tseung Kwan O Feasibility Study, the 
sediment release rates for dredging and filling activities for construction of seawall 
were 1.75 kg/s and 0.58 kg/s respectively (Maunsell, 2005).  These release rates 
were used in the present study for cumulative impact assessment.  

4.7.4.3 Sediment dumping at mud disposal areas at East of Ninepins and East of Tung 
Lung Chau may also contribute to the cumulative water quality impacts when 
jetting operation and foundation installation are carried out near the dumping sites.  
The population of WSRs near Ninepins is high.  These WSRs are located near the 
dumping sites and the transmission power cable route.  It is expected that these 
WSRs are most likely to be affected by the sediment dumping at the dumping sites 
and the jetting operation for the wind farm project.   

4.7.4.4 The East Ninepins mud disposal area operates from mid-March to end of 
September every year.  Water quality monitoring reports were available in a semi-
annually interval. Monitoring of SS and DO were carried out in monthly basis. The 
monitoring stations located in the perimeter of disposal area and 300m away the 
disposal area. The latest available data were from August to September 2005 and 
March to July 2006. According to the monitoring information6, the elevated SS level 
were not related to disposal activity. The monitoring results showed that there had 
not been any adverse impact on water quality at the disposal area, therefore 
cumulative water quality impact from East Ninepins mud disposal area is not 
expected except within the disposal area. 

4.7.4.5 The East Tung Lung Chau mud disposal area operates from October to mid March 
in the next year and would not overlap with the disposal activity at East Ninepins 
mud disposal area. According to CEDD's record, no water quality monitoring was 
carried out. The EIA report 7 stated that the maximum disposal rate is 100,000 
m3/day. The sediment release rate for each dump is 8.04 kg/s (period of 7.68 hour) 
and 19.19 kg/s (period of 23 min) for TSHD and barge respectively.  

4.7.4.6 The worst-case scenarios for cumulative water quality impact assessment included 
the concurrent project in Tseung Kwan O and sediment dumping activities at the 
dumping sites.  The predicted results for cumulative impacts are included in 
Appendix 4F. 

4.7.4.7 Based on the model predictions, only the predicted results for SS, DO depletion 
and sediment deposition rate at the sighting point of marine mammal (MM11) 
during the dry season for Scenario 2 increased slightly. 

4.7.4.8 Table 4.24 summarizes the results at MM11.  With the wind farm project alone, the 
model predicted increase in SS at MM11 was not noticeable.  The increase in SS 
would be mainly contributed by the dumping activity at East Tung Lung Chau mud 
disposal area.  No noticeable increases in SS due to the concurrent project in 
Tseung Kwan O and dumping activities were detected at the other WSRs. 

                                                      
6 Water Quality Monitoring for South Cheung Chau and East Nine Pin Disposal Area, NRR 3/2006, 
Geotechnical Engineering Office, CEDD. 

7 Environmental Impact Assessment of Backfilling Marine Borrow Areas at East Tung Lung Chau, EIA-138/BC. 
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Table 4.24 Predicted Cumulative Impact Results (Unmitigated Scenario) 

Scenario WSR Season Maximum 
Increase in SS 

(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/day) 

Assessment Criteria 3.08 > 4 100 

2 MM11 Dry 0.26 0.005 11.2 

 

4.8 Operational Phase Impact Assessment 

4.8.1 Identification of Impacts 

4.8.1.1 The operation of wind turbines would not generate any forms of discharge into the 
surrounding water.  The potential water quality impacts arising from the operational 
phase of the project include: 

 Changes to the hydrodynamic regime in the regions near the wind farm site 
and in the water control zones within the Study Area; 

 Stormwater from the wind farm; 

 Discharges from marine vessels deployed for routine maintenance; and 

 Oil spills due to accidental events.  
 

4.8.1.2 The physical presence of wind turbine towers in the water causes friction to the 
tidal flows.  This in turns reduces the flow speeds mainly within the wind farm site.  
The flow speeds and flushing capacities of the major channels or semi-enclosed 
water bodies near the wind farm site need to be assessed to ensure that there is 
no dramatic change in hydrodynamic regime that may cause a deterioration in 
water quality.  

4.8.1.3 The superstructure and wind turbine components, which are erected above the sea 
surface, are mainly made in steel and would not generate any wastewater or 
waste.  There will be no discharge from the wind farm during the operational stage.  
Even when a rainstorm occurs, stormwater generated from the wind farm would be 
minimal and is not likely to be polluted.  

4.8.1.4 Regular maintenance of the wind turbines is required during the operational stage 
of the project.  Sewage generated from the workers would be collected in the 
vessels and disposed of by licensed waste collectors.  Illegal discharge from the 
vessels is strictly prohibited.  Potential water pollution in relation to the routine 
maintenance works is unlikely.  

4.8.1.5 There is risk of accidental collision of vessels to the wind turbines during the 
operational stage of the project.  The proposed site is not located at a major 
navigation channel and lighting signals would be provided to alert the vessels from 
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getting too close to the wind farm.  The potential risk of vessel collision would be 
low.  A summary of the marine vessel collision risk is presented in Section 2 
Project Description, drawing on the detailed Marine Navigation Safety Risk 
Assessment conducted for the proposed Project. 

4.8.1.6 The Marine Department of the HKSAR Government has a Maritime Oil Spill 
Response Plan (MOSRP) to deal with accidental oil spill events.  The plan is in 
compliance with the standards applicable to the international ports in the world.  
The Pollution Control Unit team of the Marine Department is committed to reach 
the scene of oil spill incident inside harbour limits within two hours of notification.  
An emergency plan would be developed to deal with accidental events.  In case of 
an incident, the spills should be properly dealt with through the activation of the 
emergency plan and the clean-up action by the Marine Department.  Section 2 
Project Description provides details of the key roles and responsibilities of various 
parties in dealing with the oil spill events.  

4.8.2 Impact Assessment 

4.8.2.1 The presence of substructure elements in the water column after the completion of 
the wind farm causes disturbance to the tidal currents, hence affects the 
hydrodynamic regime in the regions near the wind farm site.  The submerged 
structures dissipate flow energy and generate drag force to slow down the flow 
motion.  Therefore, the key concerns in relation to the presence of an array of 
substructure elements in the wind farm are the changes in flushing capacity and 
current speed in the sensitive areas such as the semi-enclosed water bodies and 
major channels. 

4.8.2.2 In order to determine the changes in flushing capacity and current speeds, the 
semi-enclosed water bodies and major channels nearest to the project site are 
selected.  Cross-sections and observation points are defined at the entrances/exits 
of the semi-enclosed water bodies and across the major channels to determine the 
flushing capacity.  Observation points are also defined at locations within the semi-
enclosed water bodies and at the wind farm site to determine the changes in 
current speeds.  Monitoring points (H1 – H7) and cross-sections (S1 – S4) were 
included in the model to predict the differences in flushing capacity and current 
speed between the baseline and operational scenarios. 

4.8.2.3 Figure 4.13 shows the locations of these monitoring points and sections.  H1 is 
located within Junk Bay and H2 is near Lei Yu Mun.  The location of H3 is near the 
Clear Water Bay.  H4 is within the Port Shelter.  H5 is in the Rocky Harbour.  H6 
and H7 are located within the wind farm site.  The cross-section S1 spans across 
the Victoria Harbour, which is a major channel in Hong Kong.  S2 and S3 cover the 
seaward boundary of the Port Shelter, which is a semi-enclosed area nearest to 
the wind farm.  S4 is at Tai Long Wan where benthic communities of amphioxus 
have been identified. 
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Figure 4.13 Monitoring Points and Sections Locations 

 

 

Current speeds 

4.8.2.4 Table 4.25 and Table 4.26 summarise the predicted current speeds at the 
monitoring points (H1 – H7) in the dry season and wet season respectively.  At H6 
and H7, located within the wind farm footprint, current speeds decreased due to the 
presence of turbine sub-structures.  The percentage reductions were between 
42.87% and 50.68% in the dry season and between 8.26% and 21.97% in the wet 
season.  Due to the background current speeds at H6 and H7 being low, a small 
change in current speed can generate a large percentage change.  However, the 
absolute values of the reductions in current speed were only 0.061 to 0.069 m/s in 
the dry season and 0.010 to 0.029 m/s in the wet season.  The presented results 
show the effects on flow conditions inside and outside the wind farm.  The small 
deviations in current speeds inside the wind farm are localised, which would not 
cause abrupt changes to the flushing capacities in major channels and semi-
enclosed areas.  In addition, water quality is not likely to be changed due to the 
small variations in velocities at the wind farm site.  
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4.8.2.5 Due to the sizes of the grid cells at the wind farm site being much larger than the 
size of the wind turbine sub-structure, the predicted reductions in current speed at 
the grid cells inside the wind farm site would likely be higher than the actual effects.  
There were tiny changes in current speeds at the monitoring points outside the 
wind farm site (H1, H2, H3, H4, and H5 ) in both the dry season and wet season.  
At a distance of about 3 km near Ninepins, the differences in velocity before and 
after the Project were also found negligible.   

Table 4.25 Predicted Velocities at Monitoring Points (H1 to H7) in the Dry 
Season 

Depth-averaged Velocity (m/s) Location 

Baseline  Operation (with Wind 
Farm Turbines) 

Difference 

(m/s) 

H1 0.031 0.032 0.001 (3.23%) 

H2 0.132 0.133 0.001 (0.76%) 

H3 0.051 0.053 0.002 (3.92%) 

H4 0.027 0.027 0.000 (-1.28%) 

H5 0.057 0.063 0.006 (11.22%) 

H6 0.142 0.081 -0.061 (--42.87%) 

H7 0.137 0.067 -0.069 (-50.68%) 

 

Table 4.26 Predicted Velocities at Monitoring Points (H1 to H7) in the Wet 
Season 

Depth-averaged Velocity (m/s) Location 

Baseline  Operation (with Wind 
Farm Turbines) 

Difference 

(m/s) 

H1 0.069 0.072 0.003 (4.53%) 

H2 0.191 0.192 0.001 (0.52%) 

H3 0.039 0.037 -0.002 (-4.90%) 

H4 0.028 0.028 0.000 (-1.42%) 

H5 0.050 0.051 0.001 (2.00%) 

H6 0.132 0.103 -0.029 (-21.97%) 

H7 0.121 0.111 -0.010 (-8.26%) 

 

Accumulated flows 

4.8.2.6 Figures 4.14 a-e and Figures 4.15 a-e present the accumulated flows through the 
cross-sections for the dry and west seasons, respectively.  Negative accumulated 
flow represents the flow leaving the Victoria Harbour, Port Shelter or the semi-
enclosed area covering the Tai Long Wan whilst positive accumulated flow 
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represents the reverse direction of the flow.  There were no obvious changes in 
accumulated flows through the cross-section at Lei Yu Mun (S1).  The flushing 
capacity in Victoria Harbour Channel and Junk Bay would not be affected.  The 
predicted accumulated flows through the waters of Port Shelter and Rocky Harbour 
(S2 and S3) during both the dry and wet seasons were consistent with the 
predicted results for the case without the wind farm site.  Similarly, the predicted 
accumulated flows through the cross-section S5 for the cases with and without the 
wind farm site did not show any significant variation.   

Figure 4.14a Accumulated Flows at S1 – Dry Season 

 
 

Figure 4.14b  Accumulated Flows at S2 – Dry Season 
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Figure 4.14c  Accumulated Flows at S3 – Dry Season 

 

Figure 4.14d  Accumulated Flows at S5 – Dry Season 
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Figure 4.14e  Accumulated Flows at S4 – Dry Season 

 
  

Figure 4.15a Accumulated Flows at S1 – Wet Season 
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Figure 4.15b  Accumulated Flows at S2 – Wet Season 

 
 

Figure 4.15c Accumulated Flows at S3 – Wet Season 
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Figure 4.15d  Accumulated Flows at S5 – Wet Season 

 

Figure 4.15e  Accumulated Flows at S4 – Wet Season 

 
  

Hydrodynamic Conditions 

4.8.2.7 The location of the wind farm is in open waters and the spacing between the 
substructure elements is large (approximately 450 m – 600 m).  Water still flows 
freely across the entire site even the current speeds within the wind farm would be 
slightly affected due to friction loss.  Influence to the tidal flows is extremely small 
and localized around individual turbine foundations. 

4.8.2.8 The hydrodynamic impacts to the adjacent channel and semi-enclosed water 
bodies in terms of reduction in current speed and flushing capacity are minimal to 
unmeasurable.   
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4.8.2.9 In view of the insignificant changes in hydrodynamic conditions, adverse effects on 
the water quality and significant changes to the sediment deposition and re-
suspension rates as a result of the presence of the wind farm are not anticipated.  

4.8.2.10 Locally to the turbine structures the presence of the tubular legs may increase flow 
fields at the seabed.  Data from ESDU suggests that the impact on the flow field is 
entirely dissipated at widths more that 2.5 times the diameter away from the centre 
of a cylinder.  As leg diameters are not anticipated to exceed 5m, and the suction 
caissons will be 12 – 15m in diameter any changes in flow at the seabed near the 
foundation structure will occur over the top of the cans and no additional scour of 
the seabed or impact on hydrodynamics is expected.   

Operation of the Wind Farm 

4.8.2.11 The operation of the wind farm would not involve polluted activities.  The exposed 
surface of the wind turbine components contains no contaminants.  No adverse 
impact is expected due to generation of stormwater from the wind farm during the 
operational phase of the Project.   

4.8.2.12 Marine vessels will be deployed for routine maintenance of the wind farm.  Detailed 
information on maintenance frequency and activities is presented in Section 2 
Project Description. Wastewater generated from machinery spaces of the vessels 
contains mainly hydrocarbons and would be contained within the vessels.  Sewage 
generated from workforce is characterized by biochemical oxygen demand, 
suspended solids and microbiological constituents, and would be collected and 
disposed of by licensed waste collectors.  It is an offence to discharge wastewater 
and sewage from vessels into the sea.  Illegal discharges from the marine vessels 
are not expected.  There would be no water quality impact arising from the routine 
maintenance.  

Oil Spill 

4.8.2.13 The location of the proposed wind farm is not in a major navigation channel and the 
potential risk of vessel collision is expected to be very low. Maintenance vessels 
will require access to the site; however with the designation of the wind farm 
footprint as a controlled water space, detailed in sub-section 8.8.2.4, the overall 
level of vessel traffic will be lower than it is currently. 

4.8.2.14 For the worst situation where vessel collision with the wind turbines occurs and fuel 
oil releases from the vessel, tidal currents and winds will spread the spill away from 
the incident site.  The fuel oil is less dense than the seawater and will float on the 
water surface. Any mixing or interaction of oil with seawater will be minimal in the 
short amount of time between the spill event and its containment by Marine 
Department oil spill control vessels  The coral communities (set away from the site) 
and amphioxus living at the sea bottom would not be directly affected by the 
floating fuel oil on the water surface.   

4.8.2.15 To examine the areas that are potentially affected by any oil spill events, drogue-
tracking was included in the hydrodynamic simulations of flow pattern in the study 
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area.  It is assumed that oil spill occurs at the wind farm site and the duration of oil 
spill lasts for 4 hours.  Figure 4.16 and Figure 4.17 present the possible paths of 
the oil spill over a 4-hour period for the dry season and wet season respectively.  
The spill trajectories were predicted to drift mainly towards the northeast and 
southwest.  Within the 4-hour period, the spill still stayed in the open waters and 
did not approach or strand on any coastlines.    
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Figure 4.16 Oil Spillage Spreading Pattern over 4-Hour Period – Dry Season  
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Figure 4.17 Oil Spillage Spreading Pattern over 4-Hour Period – Wet Season 

 

4.8.2.16 An emergency plan would be developed for the wind farm to deal with all 
eventualities at the wind farm, including construction and operational related oil 
releases. Plans would be activated once an oil spill event due to vessel collision 
occurs at the wind farm was identified.  An Emergency Response Team would be 
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convened to address the incident and call upon all appropriate and available 
resources.  These would include (1) the operator’s multi-role wind farm operational 
support vessel, that would double as an Emergency Response & Rescue Vessel 
(ERRV); and (2) Marine Department patrol vessels directed under the Maritime Oil 
Spill Response Plan (MOSRP). The operator’s ERRV is intended to have a regular 
presence at the site and would be in a position to provide immediate casualty 
support and oil spill containment and cleanup. 

4.8.2.17 The HKSAR Marine Department would be informed of any oil spill event and take 
immediate action to deploy maritime oil spill control vessels to reach the scene of 
the incident.  Depending on the sea conditions, the travel time from the Marine 
Department base to the Ninepins is conservatively estimated to take about 4 hours.  
It is expected that control and containment of oil spill from reaching Ninepins would 
be undertaken before the oil spill moves further towards the islands.  Methods to 
control and contain the spill may include the use of spill containment booms, 
absorbents, etc.  Depending on the situation, oil transfer operations may be carried 
out to remove the floating fuel oil from the sea surface.   

4.8.2.18 The Oil Spill Management Plan outlining the key contingency actions and response 
to oil spill events can be found in Appendix 4H. A comprehensive operational and 
emergency plan will be developed to the satisfaction of all relevant authorities prior 
to construction and operation.Given the development of an extensive operational 
and emergency plan for the wind farm and support from the Marine Department to 
deal with accidents, any oil spill events during Project operation are not anticipated 
to cause adverse impacts upon nearby water sensitive receivers or the Hong Kong 
Geopark. 

4.9 Impact Mitigation  

4.9.1 Construction Phase Impact Mitigation 

4.9.1.1 The key concern on water quality impacts during the construction phase of the 
project is sediment dispersion from dredging, jetting and water pumping operations.  
Sediment release rates for sediment dispersion modeling were estimated based on 
the selected working rate for dredging, jetting speed of the jetting machine, and 
pumping rate for seawater removal from suction caissons. The predicted results 
showed no adverse water quality impacts for most locations. However, 
exceedances were found at a few sites. Hence, mitigation measures to minimise 
water quality impacts arising from the operations with potential sediment release 
are recommended as follows: 

 Working rate for dredging in Junk Bay should not exceed 6,300 m3/day for two 
dredgers. 

 Jetting speed should not exceed 75 m/hr in the section, which starts at the 
dredging end point on the seaward side of the transmission power cable in 
Junk Bay and extends towards the offshore direction of the transmission power 
cable.  
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 Jetting speed should not exceed 150 m/hr for jetting operation carried out in 
the remaining sections of the transmission power cable and the array cable at 
the wind farm.   

 Pumping rate for seawater removal from suction caissons during foundation 
installation should not exceed 1,200 m3/hr per foundation or 300 m3/hr per 
pump.   

 Closed grab dredgers should be used for sediment dredging in Junk Bay.  The 
mechanical grabs should be properly maintained to minimise spillage of 
sediment.  

 Silt curtains should be provided surrounding the dredging point to minimise 
dispersion of sediment plumes.  Arrangement of silt curtain is presented in 
Figure 4.12. Tide and current conditions along the length of the works route 
allow silt curtains to be deployed parallel to flow direction. This ensures that 
they are viable, both for installation and effectiveness. 

 Barges for disposal of dredged marine sediment: 

 Bottom of the barges should be fitted with tight seals to prevent leakage of 
sediment during transport. 

 Filling of dredged marine sediment should only be up to a level that 
sediment would not spill over during transport to the disposal site. 

 Adequate freeboard should be provided to avoid washing the sediment 
overboard by wave action. 

 Dredging operation should be carefully controlled to avoid splashing 
sediment into the sea when transferring the dredged sediment to the barge.   

 Excess material from decks and exposed fitting of barge should be cleaned 
before the barge is towed to the disposal site.  

 The decks of the barges and other marine vessels should be kept clean 
and tidy, and are free pollutants, i.e. oil and grease.  

 Good site management practices should be implemented to avoid water 
pollution at all times during the construction phase.  

 

4.9.1.2 Water quality monitoring should be included as part of the Environmental 
Monitoring and Audit programme to ensure that water pollution during the 
construction phase of the project is minimal.  Details of the water quality monitoring 
and audit requirements are included in the EM&A Manual.  

4.9.1.3 The marine vessels deployed for construction activities shall provide appropriate 
toilet facilities.  Sewage generated from the workforce should be collected from the 
toilets and contained on the vessels for subsequent disposal by licensed waste 
collectors.  Notices should be posted at conspicuous locations on the vessels to 
remind the workers not to discharge any wastewater, sewage and unused 
materials into the sea.   



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009  Section 4 - Page 70
 
 

4.9.1.4 Immediate actions should be undertaken to deal with accidental spillage of 
chemicals.  The released chemicals should be controlled and contained to reduce 
the area of influence.  The contractors of the Project should develop an emergency 
plan to deal with accidental spillage of chemicals.  Good site practices should be 
implemented by the site management to avoid the occurrence of spillage of 
chemicals.  If chemical wastes are to be generated during the construction phase, 
the contractors should register with EPD as a chemical waste producer and 
observe the code of practice on the packaging, labelling and storage of chemical 
wastes published under the Waste Disposal Ordinance.  Disposal of chemical 
wastes should be conducted in compliance with the Waste Disposal Ordinance.   

4.9.2 Operational Phase Impact Mitigation 

4.9.2.1 The model predictions have shown that the presence of 67 nos. of wind turbines 
and the associated facilities at the wind farm would only cause minimal effects on 
hydrodynamic regimes.  No mitigation measure would be required.  

4.9.2.2 During the routine maintenance of the wind turbines, no pollutants such as 
lubricants, oils and chemicals should be left on the exposed surface of the wind 
turbines to avoid water pollution when a rainstorm occurs.     

4.9.2.3 The marine vessels deployed for routine maintenance should provide with toilets 
for collection of sewage generated from the workforce.  Sewage disposal should be 
carried out by licensed waste collectors.  Notices should be posted at conspicuous 
locations on the vessels to remind the workers not to discharge any wastewater, 
sewage and unused materials into the sea.   

4.10 Residual Impact Assessment 

4.10.1 Suspended Solids 

4.10.1.1 The unmitigated scenarios have shown to have exceedances in WQO for SS.  
Mitigation measures are recommended to reduce the impacts in order to achieve 
compliance with the WQO for SS.  

Scenario 1 (Mitigated Scenario) 

4.10.1.2 It has been shown that there would be WQO exceedances for SS at the coral 
communities at Junk Bay (CC26), Junk Island (CC27) and Fat Tong Chau West 
(CC11) during the wet season for the unmitigated scenario.  Use of silt curtain to 
reduce sediment release from dredging operation in Junk Bay is therefore 
proposed as a mitigation measure to minimise the dispersion of SS to the WSRs.  
Installation of silt curtains (stand type or cage type double-layer silt curtains) 
surrounding the dredging site would reduce about 75% of sediment release from 
closed grad dredging (Mott McDonald, 1991; CAPCO, 2006).   

4.10.1.3 It is also proposed to reduce the jetting rate (represented by P3 sediment release 
point) from 150 m/hr to 75 m/hr for a distance of 300 m, which starts at the 
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dredging end point on the seaward side of the transmission power cable section in 
Junk Bay (Section 1) and extends towards the offshore direction.  Figure 4.18 
shows the section where the speed of the jetting machine should adopt a slower 
speed of 75 m/hr.   

4.10.1.4 The proposed mitigation measures were incorporated into the model for simulation 
of this mitigated scenario.  No change was made to the jetting rate at the other 
locations along the remaining transmission power cable sections. 

Figure 4.18 Cable Section where Jetting Speed will be Reduced 
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4.10.1.5 Appendix 4G includes the predicted SS elevations at all the WSRs for this 
mitigated scenario.  Table 4.29 presents the results of the WSRs with detectable 
increases in SS.  The results of the other WSRs are not included in the table as the 
SS elevations are all zero and are shown in Appendix 4G. 

4.10.1.6 As displayed in Table 4.29 the predicted increases in maximum and mean SS at 
the potentially affected WSRs including the coral communities at Junk Bay (CC26), 
Junk Island (CC27), Fat Tong Chau West (CC11) and seawater intake at Tseung 
Kwan O (SW13) in Junk Bay for this mitigated scenario are all below the allowable 
limits.  There are no exceedances in SS at any of the WSRs. 

4.10.1.7 Adoption of mitigation measures to reduce the jetting speed within a section of 300 
m and deployment of silt curtains at dredging site avoids the exceedance of the 
maximum SS elevation, hence minimises the impacts to the nearby WSRs.    

Table 4.29 Predicted Increases in SS (in mg/L) – Scenario 1 (Mitigated 
Scenario) 

Allowable SS 
Elevation 

Predicted SS Elevation (mg/L) 

Dry Wet 
WSD 

ID 
Name 

Dry Wet 
Average 
of Dry 

and Wet
Max Mean Max Mean 

Average 
of Dry and 

Wet 
(Mean) 

CC26 
Coral 

Communities at 
Junk Bay 

2.24 2.03 2.14 0.18 0.01 0.91 0.16 0.09 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

2.24 2.03 2.14 0.00 0.00 0.02 0.00 0.00 

AO8 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

2.24 1.87 2.06 2.18 0.03 1.25 0.02 0.03 

CC27 
Coral 

Communities at 
Junk Island 

2.24 2.03 2.14 0.00 0.00 0.94 0.09 0.05 

SW13 

Seawater Intakes 
for WSD Pumping 
Station at Tseung 

Kwan O 

1.83 1.38 1.61 0.00 0.00 0.13 0.00 0.00 

Remark: 1. Values of the increases in SS are depth-averaged SS concentrations. 
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4.10.1.8 Figure 4.6 presents graphically the time series plots for increases in SS at CC11, 
CC26 and CC27.  The predicted SS levels were comparatively lower than the 
unmitigated scenario and did not have any exceedance. 

4.10.1.9 Figure 4.19 shows the contour plots for increases in SS in the dry and wet seasons 
for this mitigated scenario.  The figure shows the time averaged SS levels at the 
bottom layer. Zoom-in contour plots for SS elevation are shown in Figure 4.20.  
Elevated SS levels were observed at the dredging site in Tseung Kwan O, along 
the path of the jetting operation and at the foundation site.  The sediment plumes 
were, however, limited in the region very close to the sediment release points.  
There was no wide spread of sediment plumes to the other areas.   

Figure 4.19 Contour Plots for Elevated SS in Dry & Wet Seasons (mg/L) – 
Scenario 1 (Mitigated Scenario) 
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Figure 4.20 Zoom-in Contour Plots for Elevated SS in Dry & Wet Seasons 
(mg/L) – Scenario 1 (Mitigated Scenario) 

 

 

Scenario 2 (Mitigated Scenario) 

4.10.1.10 The mitigated scenario for this case adopted the deployment of silt curtains to 
reduce sediment release from dredging.  No reduction in jetting speed was applied 
for the jetting machine operating in Section 3 (moving source of sediment release 
point P4) because the jetting operation for this case is far away from Junk Bay.  
The cumulative effects from all both dredging and jetting operations on the WSRs 
in Junk Bay should be insignificant.   

4.10.1.11 Appendix 4G includes the predicted SS elevations at all the WSRs for this 
mitigated scenario.  The WSRs with detectable increases in SS are included in 
Table 4.30.   The predicted highest increases in SS were still at CC26 (0.91 in the 
wet season and 0.18 mg/L in the dry season) due to the influence by the dredging 
activity.  However, the increases in SS were much reduced and no exceedance 
was found at all the WSRs.  The time series plot for increases in SS at CC26 
during the wet season is shown in Figure 4.7. All the predicted SS levels were 
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below the allowable limit.  Water quality impacts on the WSRs are considered 
acceptable.    

Table 4.30 Predicted Increases in SS (mg/L) – Scenario 2 (Mitigated 
Scenario) 

Allowable SS 
Elevation 

Predicted SS Elevation (mg/L) 

Dry Wet 
WSD 

ID 
Name 

Dry Wet
Average 
of Dry 

and Wet
Max Mean Max Mean 

Average of 
Dry and 

Wet 
(Mean) 

CC26 
Coral Communities 

at Junk Bay 
2.24 2.03 2.14 0.18 0.01 0.91 0.16 0.09 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

2.24 1.87 2.06 0.46 0.01 0.36 0.00 0.005 

MM11 
Sighting Point of 
Marine Mammal 

2.24 1.87 2.06 0.09 0.00 0.00 0.00 0.00 

MM8 
Sighting Point of 
Marine Mammal 

2.24 1.87 2.06 0.00 0.00 0.32 0.00 0.00 

Remark:  1. Values of the increases in SS are depth-averaged SS concentrations. 

4.10.1.12 Figure 4.21 shows the contour plots for increases in SS in the dry and wet 
seasons.  The sediment plumes were near the sediment release points with no 
wide spread dispersion.   
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Figure 4.21 Contour Plots for Elevated SS in Dry & Wet Season – Scenario 2 
(Mitigated Scenario) 

 

Scenario 3 (Mitigated Scenario) 

4.10.1.13 Since the jetting operation for this case would be carried out near Junk Bay (at 
Section 2), the mitigated scenario adopted the reduction in jetting speed to 75 m/hr 
for a short distance of 300 m similar to that of Scenario 1 and deployment of silt 
curtains to surround the dredging site.   

4.10.1.14 The predicted SS elevations at all the WSRs are included in Appendix 4G.  Table 
4.31 presents only the WSRs with detectable increases in SS.  With the 
implementation of mitigation measures, increases in SS at coral communities at 
Fat Tong Chau West (CC11) were reduced (0.6 mg/L in the dry season and 0.8 
mg/L in the wet season) and were below the allowable limits.  The average mean 
SS (0.09 mg/L) of the dry and wet seasons was also much lower than the limiting 
value of 2.14 mg/L.  No exceedance was recorded for this mitigated scenario.    
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Table 4.31 Predicted Increases in SS (mg/L) – Scenario 3 (Mitigated 
Scenario) 

Allowable SS Elevation Predicted SS Elevation (mg/L) 

Dry Wet 

WSD 
ID 

Name 

Dry Wet Average 
of Dry 

and Wet
Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC11 Coral 
Communities at 
Fat Tong Chau 

West 

2.24 2.03 2.14 0.60 0.09 0.80 0.09 0.09 

AO8 Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey) 

2.24 1.87 2.06 2.62  0.03 1.25 0.02 0.03 

Remark: 1. Values of the increases in SS are depth-averaged SS concentrations. 

 

4.10.1.15 The time series plots for increases in SS at CC11 during both the dry and wet 
seasons in Figure 4.8 present the differences between the mitigated and 
unmitigated scenarios.  No exceedance in WQO for SS for the mitigated scenario 
is shown in the plots.  The contour plots for increases in SS for the dry and wet 
seasons in Figure 4.22 shows the areas of influence by the sediment plumes.  
Zoon-in plots for increases in SS are shown in Figure 4.23.  The affected areas are 
limited to the close proximity to the sediment release points.   
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Figure 4.22 Contour Plots for Elevated SS Level in Dry & Wet Season - 
Scenario 3 (Mitigated Scenario) 

 

Figure 4.23 Zoom-in Contour Plots for Elevated SS in Dry & Wet Season - 
Scenario 3 (Mitigated Scenario) 
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Scenario 4 (Mitigated Scenario) 

4.10.1.16 For this mitigated scenario, it was assumed that silt curtains would be deployed 
surrounding the dredging site.  No change was made to the jetting speed of the 
jetting operation.  The predicted SS elevations at all the WSRs are included in 
Appendix 4G.  Table 4.32 presents the WSRs with detectable increases in SS.  

Table 4.32 Predicted Increases in SS (in mg/L) – Scenario 4  

Allowable SS Elevation Predicted SS Elevation (mg/L) 

Dry Wet 
WSD ID Name 

Dry Wet 

Averag
e of Dry 

and 
Wet 

Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

2.24 2.03 2.14 0.60 0.09 0.77 0.09 0.09 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer survey)

2.24 1.87 2.06 0.46 0.01 0.36 0.00 0.005 

MM8 
Sighting Point of 
Marine Mammal

2.24 1.87 2.06 0.00 0.00 0.32 0.00 0.00 

MM11 
Sighting Point of 
Marine Mammal

2.24 1.87 2.06 0.09 0.00 0.00 0.00 0.00 

Remark:  1. Values of the increases in SS are depth-averaged SS concentrations. 

4.10.1.17 The predicted increase in maximum SS at coral communities at Fat Tong Chau 
West (CC11) in the wet season reduced to 0.77 mg/L, which is below the allowable 
limit (2.14 mg/L).  The time series SS results in Figure 4.9 for this mitigated 
scenario did not have any exceedance.  Figure 4.24 shows the contour plots for 
increases in both the dry and wet seasons.  There would be slight increases in SS 
at the site with amphioxus occurrence (AO9), and sighting points of marine 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009  Section 4 - Page 80
 
 

mammal (MM8 and MM11).  However, there would be no WQO exceedance for 
SS.     

4.10.1.18 With the provision of silt curtains, the combined effects of dredging, jetting and 
water pumping operations for Scenario 4 did not cause any adverse impacts to the 
WSRs in terms of the increases in SS.  

Figure 4.24 Contour Plots for Elevated SS in Dry & Wet Season – Scenario 4 
(Mitigated Scenario) 

 

Scenario 5 (Mitigated Scenario) 

4.10.1.19 Deployment of silt curtains surrounding the dredging site was assumed for this 
mitigated scenario.  No change was made to the jetting speed of the jetting 
operation.  The predicted SS elevations at all the WSRs are included in Appendix 
4G.  Table 4.33 presents the WSRs with detectable increases in SS. 

4.10.1.20 With the deployment of silt curtains to reduce sediment release at the dredging site 
in Junk Bay as a mitigated measure, the maximum increases in SS at coral 
communities at Fat Tong Chau West (CC11) were reduced to 0.6 mg/L in the dry 
season and 0.77 mg/L in the wet season.  The predicted results at all the WSRs 
did not have any WQO exceedance for SS.   
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Table 4.33  Predicted Increases in SS (in mg/L) – Scenario 5   

Allowable SS Elevation Predicted SS Elevation (mg/L) 

Dry Wet WSD ID Name 

Dry Wet 
Average 
of Dry 

and Wet
Max Mean Max Mean 

Average 
of Dry 

and Wet 
(Mean) 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

2.24 2.03 2.14 0.6 0.09 0.77 0.09 0.09 

Remark: 1. Values of the increases in SS are depth-averaged SS concentrations.   

4.10.1.21 Figure 4.25 shows the contour plots for the increases in SS in both the dry and wet 
seasons.  The water sensitive receivers near the dredging location would be 
slightly affected by the dredging operation in Junk Bay but the impact would be 
within acceptable levels if silt curtains were installed.  No obvious elevations of SS 
were found at coral communities at Victor Rock and in Tai Long Wan where 
benthic communities of amphioxus have been identified.  The model predicted no 
adverse impacts to the WSRs near the wind farm due to the jetting operation and 
the water pumping operation at the foundation site.   

Figure 4.25 Contour Plots for Elevated SS in Dry & Wet Season – Scenario 5 
(Mitigated Scenario) 

 

4.10.1.22 A summary of the mitigation measures for Scenarios 1 to 5 are given in Table 4.34.  
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Table 4.34 Summary of Mitigation Measures for Scenarios 1 to 5 

Scenario  Mitigation Measures Location where the Mitigation 
Measures are to be applied 

Use of silt curtains Dredging in Junk Bay Scenario 1 

Limiting jetting speed to a 
maximum of 75 m/hr 

A section of 300 m that starts at 
the dredging end point on the 
seaward side of the transmission 
power cable section in Junk Bay 
and extends towards the offshore 
direction 

Scenario 2 Use of silt curtains Dredging in Junk Bay 

Use of silt curtains Dredging in Junk Bay Scenario 3 

Limiting jetting speed to a 
maximum of 75 m/hr 

A section of 300 m that starts at 
the dredging end point on the 
seaward side of the transmission 
power cable section in Junk Bay 
and extends towards the offshore 
direction 

Scenario 4 Use of silt curtains Dredging in Junk Bay 

Scenario 5 Use of silt curtains Dredging in Junk Bay 

 

4.10.1.23 Based on the proposed mitigation measures for Scenarios 1 to 5, the model 
simulated the sediment deposition rates at all the WSRs.  The predicted results are 
included in Appendix 4G.  Table 4.35 presents the WSRs (CC11 and CC26) with 
detectable increases in sediment deposition rates for the dry season.    

Table 4.35 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Dry Season – Scenarios 1 to 5 (Mitigated 
Scenario) 

Scenario WSR 
ID. 

Name 
Assessment 

Criterion 
(g/m2/day) 1 2 3 4 5 

CC11 
Coral Communities 
at Fat Tong Chau 

West 
<100 0 0 25.9 25.9 25.9 

CC26 
Coral Communities 

at Junk Bay 
<100 7.76 7.76 0 0 0 

 

4.10.1.24 The sediment deposition rates at the coral communities at Junk Bay (CC26) were 
small (7.76 g/m2/day) for Scenarios 1 and 2 and were far below the assessment 
criterion.  There were no changes in sediment deposition rate at CC26 for 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment

 

ESB-146/2006 Issue 3, May 2009  Section 4 - Page 83
 
 

Scenarios 3 to 5.  The sediment deposition rates at coral communities at Fat Tong 
Chau West for Scenarios 3 to 5 were 25.9 g/m2/day, which is well below 100 
g/m2/day.  There were no changes in sediment deposition rate for Scenarios 1 and 
2.  

4.10.1.25 Table 4.36 presents the predicted sediment deposition rates at coral communities 
during the wet season for Scenarios 1 to 5.  Only the coral communities at Junk 
Bay (CC26), Junk island (CC27) and Fat Tong Chau West (CC11) have predicted 
increases in sediment deposition rates.  The sediment deposition rates at CC26 for 
Scenarios 1 and 2 was 39.3 g/m2/day, which is well below 100 g/m2/day.  There 
were no changes in sediment deposition rate at CC26 for Scenarios 3 to 5. The 
sediment deposition rate at CC27 for Scenario 1 was 40.6 g/m2/day, which is well 
below 100 g/m2/day.  There were no changes in sediment deposition rate at CC27 
for Scenarios 2 to 5. The change in sediment deposition rates at CC11 was 
insignificantly small (0.86 g/m2/day) for Scenario 1.  No change was recorded for 
Scenario 2.  The predicted sediment deposition rates for Scenarios 3 to 5 ranged 
from 33.3 to 34.6 g/m2/day.  All the results were below the assessment criterion of 
100 g/m2/day. 

4.10.1.26 The predicted low sediment deposition rates support that there would be no 
adverse impacts arising from dredging, jetting and water pumping operations on 
the coral communities should mitigation measures be implemented. 

Table 4.36 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Wet Season – Scenarios 1 to 5 (Mitigated 
Scenario) 

Scenario WSR 
ID. 

Name 
Assessment 

Criteria 
(g/m2/day) 1 2 3 4 5 

CC11 
Coral Communities 
at Fat Tong Chau 

West 
<100 0.86 0 34.6 33.3 33.3 

CC26 
Coral Communities 

at Junk Bay 
<100 39.3 39.3 0 0 0 

CC27 
Coral Communities 

at Junk Island 
<100 40.6 0 0 0 0 

 

4.10.2 Jetting Option in Junk Bay 

4.10.2.1 The assessment has been conservatively conducted on the basis of dredging of a 
trench at TKO (Figure 2.38).  An option of jetting and concrete slab placement may 
also be available (Figure 2.39) – a common approach with many local power 
cables in near-shore areas.    Given the closest sensitive receivers within TKO Bay 
are at similar separations to that found in other sections of the jetted cable route, 
the impacts are anticipated to be similarly small and acceptable with the adoption 
of reduced jetting speeds, as identified in Section 4.10.1.3. 
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4.10.3 Dissolved Oxygen Depletion   

4.10.3.1 Table 4.37 and Table 4.38 present the predicted DO depletion due to increased SS 
concentrations for mitigated scenarios during the dry season and wet season 
respectively.  The DO depletions at WSRs nearest to the sediment release points 
were further reduced and were insignificantly low, ranging from 0.001 to 0.042 
mg/L in the dry season and 0.002 to 0.02 mg/L in the wet season.  There were no 
effects on DO levels at more distant WSRs. 

4.10.3.2 The background DO levels at the selected WSRs were estimated based on the 
measured DO levels at the nearest EPD’s marine water monitoring stations for the 
years between 2002 and 2006.  With the DO depletion due to the increase in SS 
concentrations, the resulting DO levels at the selected WSRs are also presented in 
Table 4.34 and Table 4.35.  All the resulting DO levels are higher than the 
assessment criterion of > 4 mg/L. 

Table 4.37 Predicted Depletion in DO due to Maximum Increase in SS 
Concentrations (in mg/L) – Dry Season (Mitigated Scenarios) 

Scenario WSR 
ID 

Name 
Nearest EPD 
Monitoring 

Station 

Assessm
ent 

Criterion 1 2 3 4 5 

CC26 
Coral 

Communities at 
Junk Bay 

JM4 > 4 
0.0031 

(6.247)2 

0.003 

(6.247) 
- - - 

CC11 

Coral 
Communities at 
Fat Tong Chau 

West 

JM4 > 4 - - 
0.010 

(6.24) 

0.010 

(6.24) 

0.010 

(6.24) 

AO8 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer 
survey) 

MM8 > 4 
0.042 

(6.958) 
- 

0.042 

(6.958) 

- 

 
- 

AO9 

Amphioxus 
Occurrence (Yr 
2006 record of 

summer 
survey) 

MM8 > 4 - 
0.007 

(6.993) 
- 

0.007 

(6.993) 
- 

MM11 
Sighting Point 

of Marine 
Mammal 

MM8 > 4 - 

0.001 

(6.999 
  ) 

- 
0.001 

(6.999) 
- 

Remarks: 1. Depletion in dissolved oxygen. 2. Background dissolved oxygen level minus the depletion 
in dissolved oxygen.  
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Table 4.38 Predicted Depletion in DO due to Maximum Increase in SS 
Concentrations (in mg/L) – Wet Season (Mitigated Scenarios) 

Scenario WSR 
ID 

Name 
Nearest EPD 
Monitoring 

Station 

Assessm
ent 

Criterion 1 2 3 4 5 

CC26 
Coral 

Communities 
at Junk Bay 

JM4 > 4 
0.0151 

(6.025)2 

0.015 

(6.025) 
- - - 

CC11 

Coral 
Communities 
at Fat Tong 
Chau West 

JM4 > 4 - - 
0.013 

(6.027) 

0.012 

(6.028) 

0.012 

(6.028) 

AO8 

Amphioxus 
Occurrence 
(Yr 2006 wet 

season) 

MM8 > 4 
0.020 

(6.13) 
- 

0.020 

(6.13) 
- - 

AO9 

Amphioxus 
Occurrence 
(Yr 2006 wet 

season) 

MM8 > 4 - 
0.006 

(6.144) 
- 

0.006 

(6.144) 
- 

MM8 
Sighting Point 

of Marine 
Mammal 

MM8 > 4 - 
0.005 

(6.145) 
- 

0.005 

(6.145) 
- 

CC27 
Coral 

Communities 
at Junk Island 

JM4 > 4 
0.015 

(6.025) 
- - - - 

SW13 

Seawater 
Intakes at 

WSD Pumping 
Station at 

Tseung Kwan 
O 

JM3 > 4 
0.002 

(6.208) 
- - - - 

Remarks: 1. Depletion in dissolved oxygen. 2. Background dissolved oxygen level minus the depletion 
in dissolved oxygen. 
 

4.10.3.3 The impacts associated with the dredging, jetting and water pumping operations 
that may cause elevation in SS in the ambient water are temporary and localised at 
the sediment release locations.  There would be no adverse impacts to the 
identified water sensitive receivers.  With the implementation of the recommended 
mitigation measures, it is anticipated that residual water quality impacts are 
minimal.   

4.10.3.4 Based on the model predictions, the effects on hydrodynamic regimes after the 
completion of the wind farm would be minimal.  No residual water quality impacts 
are expected during the operational phase.   

4.10.4 The Proposed Hong Kong Geopark 

4.10.5 The cable route, including the approximately 60m wide cable corridor, remains well 
outside the buffered Geopark boundaries (at closest approach the works corridor 
still maintains an ample 1km separation from Geopark boundaries). Sensitive 
receivers within Geopark boundaries have been comprehensively analyzed in this 
study. The water quality modeling results have shown that, with the implementation 
of suggested mitigation measures, there are no significant changes in water quality 
at any of the sensitive receivers during the construction phase.  
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4.10.6 Changes in current speed, accumulated flows and hydrodynamics due to the 
operation of the wind farm are localized and of a negligible level. No water quality 
impacts are anticipated due to storm water or routine maintenance operations. 
Vessel collision risk is very low at the wind farm site. Hydrodynamic flow modeling 
of the study area for oil spills showed that all spills at the project site remained in 
open waters and did not approach or strand on any coastlines before Marine 
Department oil control vessels are conservatively expected to arrive.  

4.10.7 No adverse direct or indirect impacts are anticipated at any of the Geopark sites 
during either the construction of operational phases of the wind farm. 

4.11 Environmental Monitoring & Audit Requirements 

4.11.1.1 In view of the potential sediment plume dispersion arising from dredging, jetting 
and water pumping operations, water quality monitoring and audit is recommended 
for the construction phase.  Details of the monitoring and audit requirements are 
specified in the Environmental Monitoring and Audit (EM&A) Manual.  

4.11.1.2 There would be no unacceptable hydrodynamic and water quality impacts during 
the operational phase. Water quality monitoring and audit is considered not 
necessary.  

4.12 Conclusions & Recommendations 

4.12.1.1 This section has identified the key water quality issues and assessed the potential 
impacts during the construction and operational phases of the proposed wind farm 
project.  Mitigation measures have been recommended to minimise the water 
quality impacts to acceptable levels.  The residual water quality impacts are 
minimal. There are no insurmountable water quality impacts that limit the 
implementation of the Project. 
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5 Benthic Ecology 

5.1 Introduction 

5.1.1.1 This section presents the approach to and the findings of the benthic ecology 
baseline assessment and the Project Impact assessment. 

5.1.1.2 The aim of the benthic ecological impact assessment is to examine the benthic 
ecological conditions within the assessment area in order to protect, maintain or 
rehabilitate the natural environment. 

5.2 Objectives 

5.2.1.1 The benthic ecological assessment has been undertaken in accordance with the 
criteria and guidelines in Annexes 8 and 16 respectively of the EIA-TM, and with 
reference to the requirements of Clause 3.4.2 of the EIA Study Brief. 

5.2.1.2 The key objectives are as follows: 

 Review the findings of relevant studies/surveys and collate the available 
information regarding the ecological characters of the assessment area; 

 Evaluate information collected and identify any information gap relating to the 
assessment of potential ecological impact; 

 Conduct ecological field surveys and investigations of at least six months 
duration covering both wet and dry season to fill in the information gaps 
identified in Sections 3.4.2.4 (ii) of the ESB to include coral communities and 
marine benthic communities. 

 Establish the general ecological profile of the Study Area taking into account 
seasonal variations, and describe the characteristics of each habitat found. 
Major information shall include inter alia the types / locations of habitats and 
species of conservation interest such as hard coral, octocorals and black coral 
communities; and notable marine benthic / littoral communities, in particular 
amphioxus Branchiostoma spp. 

 Identify and quantify as far as possible impacts such as deterioration or 
disturbance to corals, and removal or disruption of potentially valuable benthic 
communities such as amphioxus, Branchiostoma spp. 

 Evaluate the significance and acceptability of the ecological impacts during 
Project construction and operation, including management and maintenance 
requirement. 
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 Recommend all possible alternatives and practicable mitigation measures to 
avoid adverse ecological impacts during Project construction and operation 
upon corals and amphioxus. 

 Evaluate the feasibility and effectiveness of any recommended mitigation 
measures, quantify as far as practicable the residual impacts of mitigation 
measure implementation and evaluate the acceptability of any residual impacts 
using the criteria in Annex 8 of the TM. 

 Review any requirements for ecological monitoring. 
 

5.3 Legislation, Standards & Guidelines 

5.3.1.1 Reference has been made to the following local legislation governing conservation 
of marine ecological resources: 

 Protection of Endangered Species of Animals and Plants Ordinance (Cap. 
586) controls the local possession of any endangered species of animals and 
plants listed in its schedules.  These include various types of coral, including 
Stony (hard) corals (order Scleractinia) and Black corals (order Antipatharia).  
Soft coral is not protected under this Ordinance. 

 Fisheries Protection Ordinance and Regulations (Cap. 171) regulates 
fishing practices, aims to prevent activities detrimental to the fishing industry 
and aims to protect fishes and other marine biota in HKSAR waters. 

 Relevant Mainland regulations include the Wild Animals Protection Law that 
inter alia protects the habitats of all wild fauna, including the creation of Class I 
/II protected species lists (Class I species being of greater concern). 

 International / regional conservation regulations, standards and guidelines of 
relevance include the Convention on International Trade in Endangered 
Species (CITES) [of Wild Flora and Fauna] and the international Convention on 
Biological Diversity under which there are provisions for the protection of corals.  
Black corals gained protection under Appendix II of CITES in 1981. 

 The International Union for Conservation of Nature and Natural Resources 
(IUCN) Red List is a comprehensive global inventory of species of conservation 
concern, with species listed according to conservation risk criteria. 
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5.4 Assessment Approach 

5.4.1 Desktop Review 

5.4.1.1 A review of available data and information has been conducted. The most relevant 
updated sources of data / information for corals / epifauna included inter alia: 

 HATS Corals Survey Report, 2003. 

 Ecological Status and Revised Species of Hong Kong’s Scleractinian Corals, 
2004. 

 Field Guide to Hard Corals of Hong Kong, 2005. 

 Further Development of Tseung Kwan O Feasibility Study, 2005, and 

 Distribution and Community Structure of Octocorals in Eastern Waters of Hong 
Kong, unpublished data from May 2006 survey. 

 

5.4.1.2 The key data source on benthic infauna communities of the HKSAR and Eastern 
Waters was the Consultancy Study on Marine Benthic Communities in Hong Kong, 
2002. 

5.4.2 Marine Geophysical Survey 

5.4.2.1 A side scan sonar survey was conducted during August 2006, with one of the 
objectives being to identify areas of rocky outcrop or angular dumped materials 
(e.g., boulders or concrete) that may be suitable for coral establishment. 

5.4.2.2 As displayed by Figure 5.1, the marine geophysical survey results led to the 
seabed in the Study Area being divided into four zones corresponding with the 
general bathymetry: 

5.4.2.3 Zone A - Inshore Junk Bay: relatively shallow embayment, up to 10m deep. 
Coastal areas largely disturbed by development, but remnants of fringing rocky / 
boulder coastal areas exist around a generally silty mud seabed.  Some potential 
to encounter scattered colonies of encrusting hard corals on the west coast of the 
former Junk Island and along the southwest coast of Junk Bay. 

5.4.2.4 Zone B - Tathong Channel: deeper water to ~15 - 20m deep over silty mud 
seabed, but with widespread submerged and emergent boulders / rocky outcrops 
west and south of Tung Lung Chau and some potential for coral growth along the 
southeast of the Channel. 

5.4.2.5 Zone C - Nearshore Eastern Waters: waters some 20-25m deep to the east of 
Tung Lung Chau and the south of the Ninepin Islands group.  Seabed generally 
characterised by silty mud, with low potential for hard substrate. 
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5.4.2.6 Zone D - Offshore Eastern Waters: waters east of the Ninepins with depths to -
30mPD.  Seabed in the windfarm area characterised by silty mud, with low 
potential for hard substrate. 

5.4.2.7 Reconnaissance dives at 3 locations in the windfarm area ultimately confirmed the 
absence of suitable substrate in an environment dominated by silty material. 
Figure 5.15 shows typical marine conditions at the wind farm site.  Dives at two 
locations in the Tathong Channel with potential consolidated seabed material 
could not be completed due to safety reasons, given the locations were in the 
marine navigation channel. 

Figure 5.1 General Bathymetric Zonation of the Study Area 

 
 

5.4.3 Coral / Epifauna Survey 

5.4.3.1 Baseline surveys of the coral / epifauna community were conducted using 
standard dive survey methodology involving: 

5.4.3.2 Spot-check (reconnaissance) dives: used for the initial assessment of depth zones 
and the suitability of a location for detailed transect surveys. 
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5.4.3.3 Rapid Ecological Assessment (REA) method: following DeVantier et al (1998, 
2000), REA involves the standardised collection of semi-quantitative data 
concerning reef development, various environmental attributes and details of coral 
community structure. 

5.4.3.4 Prior to positioning of transects for the REA assessment, a series of 
reconnaissance dives were systematically conducted to identify suitable survey 
areas at each location.  Following each reconnaissance dive, observations were 
discussed and an appropriate depth zone and number / length of transects was 
apportioned for each suitable location. 

5.4.3.5 At the inshore survey locations each transect was placed parallel to the shoreline, 
comprising a survey line of up to 200m long and 2m wide.  For deeper offshore 
locations, such as Victor Rock, the transect length was reduced to 100m and 2m 
wide due to a relatively constrained area of potential interest around these 
underwater pinnacles. 

5.4.3.6 Video footage was recorded first at each location to avoid potential disturbance of 
fine sediment, followed by REA survey and data collection.  All REA transect 
surveys were recorded using a mini DV format video camera, with footage 
transferred to DVD using an MPEG compression programme. Footage was 
reviewed to verify the REA data.  A photographic record was also compiled for 
each location. 

5.4.4 Infauna Survey 

5.4.4.1 Baseline surveys of the infauna community were conducted using standard 
methodology involving the collection of 5 replicate sediment samples at each 
station using a 0.1 m2 van Veen Grab.  In addition, one extra sample was taken for 
particle size distribution and total organic matter (TOM) analyses. 

5.4.4.2 To increase the survey coverage the replicates were no closer than 50m, as 
verified by GPS.  A centre point was determined at each station and additional 
replicates were sampled radially 50m from the centre at equal-degree angles.  The 
sequence of replicate sampling was randomly determined.  Water depth at each 
station was measured by echo sounder. 

5.4.4.3 Each grab sample, once collected, was inspected to ensure that the volume of 
sediment obtained was not less than 2 litres and that there were no signs of 
uneven penetration by the grab during lowering.  A photographic record of 
sediment colour at each station was taken prior to sample processing. 

5.4.4.4 For faunal analysis, the sediment sample was gently washed with seawater 
through a stack of 1.0mm and 0.5mm diameter sieves, and large animals visible 
from the residue were handpicked into a small plastic vial. All remains were then 
washed and transferred into a plastic container and preserved with 5% borax-
buffered formalin and stained with 1% Rose Bengal. Sediment samples for TOM 
analysis were stored in ice on board the survey vessel before transfer to the 
laboratory freezer. 
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5.4.4.5 Sorting of all residues remaining on the 0.5 mm sieve was completed at the 
laboratory by trained technicians prior to taxonomic identification and biomass (wet 
weight) determination. To achieve the lowest taxonomic resolution, examination of 
the morphological features of the specimens was undertaken using both 
stereoscopic and compound microscopes. To record the number of individuals, 
only the anterior portions of the animals were counted. Total biomass of the 
benthic animals at each sampling location was determined as preserved wet 
weight, after blotting the animals on filter paper for three minutes before weighing 
to the nearest 0.01 g. 

5.4.4.6 Determination of sediment particle size distribution was conducted for one 
replicate per sampling station by wet sieving through a stack of sieves of 2,000 to 

63 m.  For TOM analysis, all sediment samples were pre-treated with 35% 

hydrogen peroxide overnight to remove calcium carbonate and percentage TOM 
was calculated as the loss in weight of sediment after combustion at 500oC for 8 
hours, as compared with samples dried at 100oC. Two replicates were analysed 
for TOM per sample. 

5.4.4.7 A variety of Quality assurance / quality control measures were implemented 
consistency in the species identification process. In processing all faunal samples 
in both surveys, no animals were missed during the sorting and identification 
stages.  Field data were entered to a database prior to statistical analyses. 

5.5 Ecological Baseline Profile – Literature Review 

5.5.1 Benthic Epifauna 

5.5.1.1 With regard to hard corals, much of the inshore Study Area (i.e., west of Tung 
Lung Chau) is characterised by exposed rocky coastline against a generally silty 
seabed, and with turbid marine waters.  As such, most hard coral communities in 
the area are limited to small colonies. 

5.5.1.2 The communities with the highest diversity, density and most hard coral accretion 
in the HKSAR are generally found in offshore eastern waters, and generally 
belong to one of three community types (AFCD, 2004): 

 Platygyra – Favia community: clear shelter waters with low turbidity and 
sediment and high salinity; 

 Acropora solitaryensis – Montipora peltiformis community: more exposed areas 
of moderate to high water clarity and salinity and low sediment; and 

 Porites deformis – Cyphastrea community: deeper communities – moderate 
water clarity and sediment deposition. 
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5.5.1.3 Octocorals / soft corals prefer deeper and more turbid sites where hard coral cover 
is generally low.  Coverage averaged 1% in the hard coral dominated sites, while 
Victor Rock reportedly had a soft coral coverage of ~70% (ibid).  From the HATS 
Coral Survey (Oceanway, 2003), the best octocoral diversity and percentage 
coverage in the study area was at Ngan Wan (Tseung Kwan O / Cape Collinson) 
where some 14 genera were recorded.  The nearest REA survey location for this 
EIA Study is Fat Tong Chau. 

5.5.1.4 Local literature on black coral is extremely limited. Zhou and Zhou (1984) first 
documented three species of Antipathes and three species of Cirripathes from the 
Sai Kung Peninsula, including a new record for one species of Cirripathes.  It was 
noted that most of these antipatharians grew in a depth range of -10m to -20m CD, 
although no further details of collection sites were recorded. 

5.5.1.5 Other more recent records of black coral in the HKSAR include: 

 South Ninepin: occasional black coral found at -6m to -15m C.D. (Binnie 
Consultants Ltd, 1995) 

 Tolo Channel: extensive black coral communities growing in shallow waters on 
both sides of the Channel, particularly towards Mirs Bay (Asiatic Marine, 2002) 

 

5.5.1.6 The Chinese University of Hong Kong is currently conducting an HKSAR-wide 
black coral survey on behalf of AFCD, but no data is publicly available at this time. 

5.5.1.7 The dominant Antipathes species in Hong Kong has been identified as Antipathes 
sp. aff. A. curvata van Pesch 1914 (Asiatic Marine, 2002).  This species has not 
been reported from other localities, although similar species have been described 
from Hawaii and the Indian Ocean.  As black corals have historically been poorly 
described, positive identification for any species is difficult. 

5.5.1.8 A literature review yielded more specific information regarding coral distribution, as 
presented below. Figure 5.2 displays these and other locations of interest. 

A. Southwest coast of Junk Bay (Chiu Keng Wan) 

5.5.1.9 Although only a very low abundance of hard corals has been recorded, the coastal 
area close to Lei Yue Mun has been found to have high abundance of soft and 
gorgonian corals (Maunsell, 2005). These soft and gorgonian corals are especially 
prevalent in the mid-depth and deep zones where up to 50% coverage has been 
noted, but a relatively high mortality of up to 30% has also been observed 
(Oceanway, 2003). 

B. Junk Island 

5.5.1.10 Very few hard corals have been recorded in the shallow waters (only one single 
colony of Acanthastrea echinata was recorded in HATS Study). In contrast, soft 
corals and gorgonians have been identified as moderately abundant and occurred 
more frequently in middle zone (25-50% cover). 
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C. Ngan Wan 

5.5.1.11 A rich and diverse soft / gorgonian coral community dominated by Echinomuricea 
sp. has been found extending from the shallows into deeper waters, with certain 
groups of fauna such as sea fans, sea whips and soft corals being markedly larger 
in the shallow waters than in the middle and deep depths. This group of soft coral 
community has been perceived to be one of the best in Hong Kong coastal waters, 
with 14 taxa and a coverage of 18% (ibid). 

D. Tung Lung Chau 

5.5.1.12 Low cover (<5%) of both hard and soft corals has been recorded along the south 
and west coast of Tung Lung Chau. However, the north Tung Lung Chau has 
been found to have a good hard coral cover (10-25%) occurring in the shallow 
waters. 

E. Ung Kong Wan 

5.5.1.13 Ung Kong Wan is described as being among the top 12 most important coral sites 
in Hong Kong due to the formation of incipient reefs (AFCD, 2004).  Both % cover 
and species diversity of hard corals were notably high at Ung Kong Wan, with 
>50% cover in some areas and with over 35 species of hard coral recorded.  The 
regionally restricted hard coral Micromussa minuta has also been recorded at Ung 
Kong Wan. 

F. Ninepin Group 

5.5.1.14 The AFCD (2004) study suggests that both North and South Ninepin Islands 
support a high average percentage cover of hard corals.  Although South Ninepin 
has been identified to also have a high level of coral injury due to natural exposure 
to the South China Sea, it does support a high density of live coral cover at ~50%.  
Some species at South Ninepins (and Ung Kong Wan) have been found to grow 
rapidly and are able to create large colonies. 

5.5.1.15 The most recent survey conducted by Chinese University of Hong Kong in Eastern 
Waters involved approximately 100 dives at some 30 locations, including the 
Ninepin Islands.  From interview, the unpublished findings indicate that both North 
Ninepin (Tuen Keng and Ma Wan) and East Ninepin (Tuen Chau Tsai) support 
communities of soft corals / gorgonians with up to 70% cover, and generally 
support very rich and diverse communities of coral and associated epifauna.  

5.5.1.16 In South Ninepin waters, a relatively high abundance of hard and soft corals has 
been recorded at Kwo Chau Wan (north of South Ninepin), while gorgonians have 
been found to be moderately abundant on the southern side of South Ninepin. 

G. Southeast of Basalt Island 

5.5.1.17 Researchers from Chinese University recorded that soft coral / gorgonians were 
moderately abundant around the southeast coast of Basalt Island. 
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Figure 5.2 Distribution of Key Coral Communities in the Study Area 

 
 

5.5.2 Benthic Infauna 

5.5.2.1 As regards benthic infauna, the largest field survey conducted in the HKSAR in 
recent years was ‘The Consultancy Study on Marine Benthic Communities in Hong 
Kong’ conducted by City University on behalf of AFCD (CityU, 2002).  The study 
comprised a two-season investigation of infauna composition at 120 stations 
across the HKSAR.  A total of 603 species were recorded, with 287 species 
commonly found in both seasons. Polychaete annelids, crustaceans and bivalves 
were reportedly the most common species. 

5.5.2.2 Some 179 species were found only in the wet season, and 137 species were 
found solely from the dry season survey.  Despite this, the study concluded there 
was no distinct seasonality in Deep Bay or Tai Long Wan (ibid). 

5.5.2.3 A number of the survey stations were located in Eastern Waters in the vicinity of 
the proposed project. Figure 5.3 displays the coverage of the CityU 2002 work in 
relation to this EIA Study Area. 

5.5.2.4 Species diversity (H’) is a joint representation of species richness (d) and the 
evenness (J) of species distribution, and is usually high (e.g., H’ >3) in an 
undisturbed community and low (e.g., H’ <1) in a heavily disturbed community.  
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Figure 5.3 Historic Sampling Locations in Eastern Waters from CityU 2002 

 
 

5.5.2.5 Shin (1989) reported previous benthic surveys in Eastern Waters revealed 
diversity (H’) values of 2.21 – 3.50 and evenness (J) values of 0.80 – 0.91.  In 
contrast, diversity and evenness off East Kowloon may be in the order of 0.91 – 
1.23 and 0.25 – 0.34, respectively (CityU, 2002).  Table 5.1 indicates key 
biodiversity indices across the Study Area.  It is apparent these values are broadly 
consistent with the earlier study by Shin (1989). 

Table 5.1 Key Biodiversity Indicators for the Study Area from CityU 2002 

Area Species diversity (H’) Species evenness (J) 

Cable landing                
(Junk Bay) 

2.43 - 2.73 0.77 - 0.87 

Nearshore cable          
(Tathong Channel) 

3.21 - 3.29 0.72 - 0.75 

Offshore cable               
(South Ninepin) 

2.31 - 3.10 0.90 - 0.92 

Windfarm 2.99 - 3.58 0.84 - 0.92 

Notes: Data for project locations with reference to CityU (2002) stations 85, 80, 77 and 88. 
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5.5.2.6 Maunsell (2005) conducted supplementary sub-tidal grab samples at three soft 
substrate stations in Junk Bay, and found the infauna community to be dominated 
by polychaetes: 36 species from 22 families, 83.1% of all specimens and 55.8% of 
total biomass.  The polychaetes Pseudopolydora kempi and Glycinde 
kameruniana accounted for ~25% and 17% of all infauna species, respectively.  
Crustaceans accounted for 10.4% of all specimens and 24.6% of total biomass 
mainly due to the presence of 10 specimens of the crab Typhlocarcinus nudus. 

5.5.2.7 Overall, the survey results indicated these stations in Junk Bay supported a 
disturbed benthic community of moderate diversity (H’ = 2.49) and low abundance. 
No species of conservation interest were identified. 

5.5.2.8 CityU (2002) also reported the presence of the cephalochordate (amphioxus) 
Branchiostoma belcheri in the Study Area, with records of 1 or 2 individuals 
collected from the vicinity of the nearshore cable route in the Tathong Channel, 
East Ninepins and the Windfarm footprint in the wet season only. 

5.5.2.9 There also appears to be a resident population of Amphioxus at Tai Long Wan 
where densities of 50 – 100 per m2 recorded in both wet and dry seasons, 
although signs of seabed disturbance from human activity are of potential concern 
as regards marine conservation (ibid). Figure 5.4 presents the locations of 
Amphioxus within the Study Area. 

Figure 5.4 Distribution of Amphioxus in Eastern Waters from CityU 2002 
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5.5.2.10 Amphioxus is of conservation significance because of its primitive morphology and 
because of its over-exploitation as a fishery resource in coastal waters of the 
South China Sea, especially near Xiamen (Lu et al., 1998). Amphioxus is 
classified as a Class II protected species in China (Huang, 2006). 

5.6 Field Survey Results 

5.6.1 Benthic Epifauna 

5.6.1.1 Following literature review and interpretation of side scan sonar, dive surveys were 
conducted at thirteen locations that together provide spatial representation across 
the study area.  Table 5.2 presents the names and co-ordinates of the survey 
locations.  Figure 5.5 displays the locations. 

Table 5.2 Coral / Epifauna Survey Locations 

Station Location GPS Position 

1 Chiu Keng Wan N 22 17 527 E 114 14 936 

2 Fat Tong Chau N 22 16 704 E 114 15 909 

3 Tung Lung Chau West  N 22 15 019 E 114 16 826 

4 Tung Lung Chau South N 22 14 569 E 114 16 982 

5 South Ninepins N 23 15 327 E 114 21 161 

6 East Ninepins N 22 15 924 E 114 22 121 

7 One Foot Rock  N 22 15 207 E 114 22 080 

8 Victor Rock N 22 18 163 E 114 25 927 

9 Basalt Island N 22 18 532 E 114 22 189 

10 Mast Area N 22 17 978 E 114 25 482 

11 Wreck #1 N 22 17 723 E 114 24 355 

12 Wreck #2 N 22 17 399 E 114 23 991 

13 Un-identified object N 22 15 320 E 114 24 823 

 

5.6.1.2 Six stations (1 - 5 and 7) were selected to cover the proposed cable route area.  
Four stations (10 - 13) were selected to provide representative spatial coverage 
within the windfarm area against known areas of potential interest. 

5.6.1.3 East Ninepin (6) was selected as it has been documented as a site of interest mid-
way between the cable route and the turbine area.  Surveys were also conducted 
at Victor Rock (8) - the submerged rocky pinnacle at about 0.9km to the north east 
of the proposed windfarm - and at Basalt Rock (9) some 4km west-northwest of 
the proposed windfarm. 
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Figure 5.5 Distribution of Coral / Epifauna Survey Stations 

 
 

5.6.1.4 A total of 30 REA transects were surveyed, with the shallow depth zone and deep 
depth zone accounting for 15 transects each. 

5.6.1.5 The dive surveys were carried out between March and June 2007 in generally 
calm sea surface conditions, although underwater visibility was generally poor 
inshore due to anthropogenic influence and offshore due to the prevailing wind 
and the fine nature of the seabed sediment.  Horizontal underwater visibility was 
typically in the range of 0.5 – 5.0m, reducing rapidly in the deeper waters of sites 
10 – 13 where seabed visibility was effectively zero. 

5.6.1.6 Within Junk Bay and Tung Lung Chau the majority of the coastline was a boulder / 
granite-faced shoreline, occasionally broken by a pebble beach or a small sandy / 
muddy bay.  The Ninepins are steep sided cliffs dropping into the sea.  Basalt 
Island is an isolated rocky island with steep submerged cliffs, while both Victor 
Rock and One Foot Rock are rocky submerged pinnacles.  Figure 5.6 presents a 
habitat map for the Study Area. 

5.6.1.7 A description of the physical and ecological characteristics of each of the 13 
survey locations is presented below.  Appendix 5A presents further details of 
habitat site conditions for the benthic communities at these locations, including a 
selection of photographs of key features. 
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Figure 5.6 Habitat Map in the Study Area 

 
 

1. Chiu Keng Wan 

5.6.1.8 Chiu Keng Wan dive site was located along the western coastline of Junk Bay just 
before the reclaimed area begins.   The shallow depth zone -4 to -6m was mostly 
composed of big rocks while the benthic substratum shifted to a sandy base 
towards the deeper depth zone of -7 to -9m.  

5.6.1.9 The shallow zone consisted of both hard coral (<2%) and octocoral (5-10%), but 
with the latter being more dominant.  The deep zone was colonised mainly by 
octocoral (20-25%) and black coral (<1%). The occasional Hippocampus kuda 
(seahorse) was also noted attached to some of the gorgonians.  Figure 5.7 
displays a typical view of the marine environment at this location. 

5.6.1.10 A total of four hard coral species were recorded in the shallow zone (Favites 
pentagona, Turbinaria peltata, Psammocora superficialis and Oulastrea crispata). 
All colonies were small in size (<20cm) and of low abundance.  No hard coral 
species were recorded in the deep zone. 

5.6.1.11 Five octocoral genera were also found in the shallow zone (Euplexaura, 
Paraplexaura, Dendronephthya, Echinogorgia and Lobophytum), with nine genera 
recorded in the deep zone (Euplexaura, Paraplexaura, Echinomuricea, Menella, 
Dendronephthya, Carijoa, Scleronephthya, Astrogorgia and Anthogorgia). 
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Figure 5.7 Anthogoria at Chiu Keng Wan 

 
 

5.6.1.12 The station was dominated by the gorgonian Echinomuricea, ranging between 15 
and 30 cm tall and accounting for 20-25% of total benthic cover.  A high 
abundance of Euplexaura and Paraplexaura were also recorded, as well as the 
uncommon genus Carijoa that was found growing on the dead axis of a gorgonian.  

5.6.1.13 Several black coral colonies of Cirripathes were also recorded.  

2. Fat Tong Chau 

5.6.1.14 Fat Tong Chau on the eastern coastline of Junk Bay (adjacent to the reclamation) 
is a semi-sheltered area with a thin layer of fine sediment cover over a rocky 
seafloor. The shallow survey zone was defined as the area between -2 and -4m, 
with notable re-suspended sediment from a muddy seabed in the deep zone at -6 
to -8m.  Figure 5.8 displays a typical view of the marine environment at this 
location. 

5.6.1.15 The shallow zone supported very little coral growth, with both hard coral and 
octocoral recorded at <1% level.  The deep zone recorded an octocoral cover of 
35%. 

5.6.1.16 A total of three hard coral species were recorded in the shallow zone, namely; 
Goniopora stutchburyi, and two favites: Leptastrea purpurea and Cyphastrea 
serailia.  The Goniopora and Leptastrea species colonies were > 60cm in 
diameter, while the Cyphastrea was only 30cm in diameter.   All of the hard corals 
were uncommon to the site.  The deep zone did not support any hard coral growth. 
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Figure 5.8 Epifauna Community at Fat Tong Chau 

 
 

5.6.1.17 In the shallow zone, four colonies of the octocoral Euplexaura sp. were recorded, 
with four genera in the deep zone (Paraplexaura, Echinomuricea, Euplexaura and 
Dendronephthya).  The common gorgonian genera Echinomuricea and 
Paraplexaura dominated the deep zone community, accounting for 30-35% of total 
benthic cover.  A few soft coral colonies of Dendronephthya (30 cm tall) were 
found attached to some of the rocky surfaces. 

5.6.1.18 No black coral colonies were found in this site. 

3. Tung Lung Chau West 

5.6.1.19 Tung Lung Chau is a semi-exposed site, with a boulder/cliff coastline. The shallow 
zone was about - 4 m deep, composing mainly of large rocks and coarse sand. 
The deep zone was mainly sand at -7 to -8m, heavily scoured by trawler marks. 

5.6.1.20 Overall the shallow zone had very little coral cover with only about <1% of hard 
coral coverage and 5% of octocoral coverage.  A total of four hard coral species 
were recorded in the shallow zone. These were Porites lutea, Plesiastrea 
versipora, Turbinaria peltata and one Favites sp.  All of the species were 
uncommon to this area and were small, <30cm in diameter.  In the deep zone, no 
corals were recorded besides Dendrophyllia, an ahermatypic hard coral 
sometimes misidentified as Tubastrea. 

5.6.1.21 Two genera of octocorals were recorded in the shallow zone: the soft coral 
Sinularia and the gorgonian Euplexaura.  Only one gorgonian colony of 
Echinomuricea sp. was found in the deep zone. Figure 5.9 displays a typical view 
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of the marine environment at this location. 

5.6.1.22 No black corals were recorded. 

Figure 5.9 Epifauna Community at Tung Lung Chau West 

 
 

4. Tung Lung Chau South 

5.6.1.23 The shallow zone of Tung Lung Chau was an exposed site around Nga Ying Pai 
rocky outcrop ranging between -6 to -8m deep.  The deep zone was -10 to -12m 
deep.  The substratum was mainly composed of large rocks. The shallow zone 
supported 5-10% hard coral, whilst the deep zone supported a hard coral cover of 
up to 25%. 

5.6.1.24 Two hard coral species were recorded in the shallow zone: Goniopora stutchburyi 
and Psammocora superficialis.  Both were small in size, being 10-15cm in 
diameter.   Eleven species of hard corals were recorded in the deep zone: 
Plesiastrea versipora, Cyphastrea serailia, Cyphastrea japonica, Favia 
helianthoides, Favia speciosa, Goniopora djiboutiensis, Goniopora stutchburyi, 
Porites lutea, Psammocora superficialis, Psammocora haimeana and Coscinaraea 
n. sp.  

5.6.1.25 Coscinaraea n. sp. remains undescribed but the coral species associates itself 
with low light habitats in western, eastern and southeastern waters.  Favia 
helianthoides is described as uncommon, mainly from locations in eastern waters. 

5.6.1.26 All of the hard coral colonies were smaller than 25cm diameter, with Psammocora 
superficialis, Plesiastrea versipora and Cyphastrea serialia being the most 
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abundant species. 

5.6.1.27 A total of seven genera of octocorals were found in the shallow zone. The total 
coverage was only about 5% of the total benthic cover.  Besides Dendronephthya, 
Euplexaura and Menella, the other genera recorded in this site were 
Nephthyigoria, Chironephthya, Muricella and Anthogorgia.  All are classified as 
being uncommonly recorded octocoral genera with respect to their distribution and 
abundance in Northeastern waters. The sizes of the colonies were comparatively 
small (10-20cm).  No octocorals were found in the deep zone. 

5.6.1.28 A small number of black coral Cirripathes were found in the shallow zone. 

5. South Ninepins 

5.6.1.29 South Ninepins was a very exposed site with shallow zone transects at -5m to -7m 
and deep zone transects at -13m to -15m.  The substratum mainly comprised 
large rocks at the base of a steep sided cliff.  The exposed shallow zone of South 
Ninepins supported very little coral growth. The deep zone consisted mainly of 
octocorals (5-10% cover) and hard corals (5-10% cover). 

5.6.1.30 No hard coral species were recorded in the shallow zone, although three species 
were found in the deep zone: Plesiastrea versipora, Montipora peltiformis and 
Psammocora superficialis.  All of these species were common to this site, but all 
were small in size at 10-15cm diameter. 

5.6.1.31 Two genera of octocorals were recorded in the shallow zone: the gorgonian 
Euplexaura and the soft coral Carijoa.  Carijoa is classified as uncommon in Hong 
Kong waters.  Eight octocoral genera were recorded in the deep zone: 
Dendronephthya, Paraplexaura, Euplexaura, Anthogorgia, Acanthogorgia, 
Scleronephthya, Paraminabea (lobate orange SP1 & branching red SP2) and 
Echinomuricea, contributing to 5-10% of the total benthic cover.   

5.6.1.32 Dendronephthya was the most common genus found in this site, with colony sizes 
ranging 5 – 15cm high.  A small number of Paraminabea, classified as uncommon 
in Hong Kong, were found at a depth of -23m with the overall size being bigger 
than the commonly found lobate orange SP1. Figure 5.10 displays a typical view 
of the marine environment at this location. 

5.6.1.33 A few colonies of black coral Cirripathes were recorded in the deep zone.   
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Figure 5.10 Paraminabea Lobate Orange SP1 at South Ninepins 

 
 

6. East Ninepins 

5.6.1.34 East Ninepins was a semi-exposed site with a strong current. A sloping cliff of 
medium to large sized rocks extended to a flat silty seabed.  The shallow zone 
transect ranged from -5 to -7m, with the deep zone transect at -20 to -22m. 

5.6.1.35 The shallow zone supported little hard coral growth (5-10%) while the deep zone 
had slight octocoral growth (<5%) and little hard coral cover (5-10%). 

5.6.1.36 Five hard coral species were recorded in the shallow zone: Montipora peltiformis, 
Montipora turgescens, Montipora mollis, Psammocora superficialis and Favia 
speciosa.  Both Montipora and Psammocora were common to this area, with some 
colonies being 40cm in diameter.  Montipora turgescens is classified as rare in 
eastern and north-eastern HKSAR waters.  The deep zone did not support any 
apparent hard coral growth. 

5.6.1.37 A few colonies of three octocoral genera were found in the shallow zone: Carijoa, 
Dendronephthya and Euplexaura.  Six genera were recorded in the deep zone: 
Dendronephthya, Menella, Acanthogorgia, Echinomuricea, Paraminabea and SP3 
(a genus of an unknown encrusting soft coral, being the same as found at Victor 
Rock). Figure 5.11 displays a typical view of the marine environment at this 
location. 

5.6.1.38 A number of black coral Cirripathes were recorded in the deep zone, growing on 
the flat bedrock channel and contributing 5-10% to total benthic cover. 
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Figure 5.11 Paraminabea SP3 at East Ninepins 

 
 

7. One Foot Rock 

5.6.1.39 One Foot Rock - a submerged rocky pinnacle - was a very exposed site with 
smooth bedrock around its surface and small rocks/rubble on a silty / sandy 
seabed in the deep zone.  The shallow transect was placed at -10m to -11m, and 
the deep transect was placed at -23m.  The degree of sediment re-suspension 
was notably high at this location. 

5.6.1.40 The shallow zone supported a fairly good hard coral cover of up to 10% and slight 
octocoral growth (<5%).  In the deeper zone, up to 40% octocoral coverage was 
recorded.  

5.6.1.41 Three hard coral species were recorded: Pleasiatrea versipora, Montipora 
peltiformis and Psammocora superficialis.  All were common to this area, and were 
mostly small in size, ranging from 5 to 20cm diameter.  No hard coral species were 
recorded in the deep zone. 

5.6.1.42 Only colonies of the soft coral Dendronephthya were recorded in the shallow zone, 
accounting for up to 10% of the total benthic cover.  There was higher octocoral 
diversity in the deep zone, with thirteen genera recorded: Nephthyigorgia, 
Dendronephthya, Muricella, Echinogorgia, Menella, Astrogorgia, Scleronephthya, 
Viminella, Anthogorgia (could be 1 of 3 species), Paraminabea, Acanthogorgia, 
Euplexaura and Echinomuricea. 
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5.6.1.43 The soft corals Dendronephthya, Scleronephthya and the sea fan Muricella 
generally dominated the community.  Nephthyigorgia is an uncommon octocoral 
genus in Hong Kong, but was abundant at this site. Colonies of the gorgonian 
Viminella, another uncommon Hong Kong genus, were also recorded.  Figure 5.12 
displays a typical view of the marine environment at this location. 

5.6.1.44 The black coral genera Antipathes and Cirripathes were recorded, with the latter 
generally being more abundant.  

Figure 5.12 Muricella at One Foot Rock  

 
 

8. Victor Rock 

5.6.1.45 Victor Rock is a submerged and very exposed pinnacle that comes to about -7m 
from the sea surface.  The rock is a combination of rounded bedrock at the surface 
and steep-sides cliffs that drop to the seabed at around -28m. 

5.6.1.46 The main benthic fauna composition was octocorals and black corals.  In the 
shallow zone octocoral covered some 20-30% with very little hard coral growth. 
The deep zone supported a very extensive octocoral cover of around 70%. 

5.6.1.47 In the shallow zone a single specimen of hard coral Montipora peltiformis was 
recorded, which is commonly found in this area.  Four octocoral genera were also 
recorded in the shallow zone: Dendronephthya, Scleronephthya, Muricella and 
Chrionephthya. The genus Chironephthya is classified as uncommon in Hong 
Kong.  Large patches of Dendronephthya (>30cm) and Scleronephthya (>10cm) 
were observed and together contributed 20-30% of the total benthic cover. 
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5.6.1.48 In the deep zone, fifteen octocoral genera were recorded: Scleronephthya, 
Astrogorgia, Muricella, Dendronephthya, Anthogorgia, Acanthogorgia, 
Echinomuricea, Paraplexaura, Paraminabea, Menella, Nephthyigorgia, 
Echinogorgia, Euplexaura, Viminella and SP 3 (one genus of unknown encrusting 
soft coral).  These octocorals made up between 60-70% of the total benthic cover. 
The dominant species were the soft coral Dendronephthya (30-40cm), 
Scleronephthya (15cm) and sea fan Muricella (20-30cm). 

5.6.1.49 The soft coral genera Paraminabea (uncommon) and Nephthyigorgia (common) 
were also abundant at this site.  In addition small patches of encrusting orange-
coloured soft corals (SP3) were found at -23m.  This species has been recorded in 
Hong Kong once before (Breakers Reef), but is yet to be formally identified. Figure 
5.13 displays a typical view of the marine environment at this location. 

5.6.1.50 The black coral genera Antipathes and Cirripathes were recorded in the deep zone, 
with Cirripathes colonies of 60-100cm diameter recorded at deeper depths.   

Figure 5.13 Paraminabea at Victor Rock 

 
 

9. Basalt Island 

5.6.1.51 Basalt Island was a semi-exposed site around the rocky pinnacle of Lam Wan Kok.  
Steep sided over-hanging cliffs and a very silty seafloor were the main physical 
features.  

5.6.1.52 The shallow zone transect at -7 to -9m recorded very little hard coral growth (5-
10%), whilst the deep zone at -17m to -18m) recorded 5% cover of both octocorals 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3,  May 2009 Section 5 - Page 23 
 

and black corals. 

5.6.1.53 A total of six hard coral species were recorded: Psammocora superficialis, 
Goniopora stutchburyi, Cyphastrea serailia, Plesiastrea versipora, Favites 
pentagona and Montipora peltiformis.  The species P.superficialis, C.serailia, 
P.versipora and M. peltiformis were very abundant, with colonies of the latter being 
up to 40cm diameter. 

5.6.1.54 Three genera of octocorals were recorded in the shallow zone: Dendronephthya, 
Cladiella and Euplexaura.  The genus Cladiella, a zooaxnthellate soft coral, is 
classed as uncommon in Hong Kong waters.  Eight octocoral genera were 
recorded in the deep zone: Anthogorgia, Dendronephthya, Scleronephthya, 
Viminella, Muricella, Paraplexaura, Echinomuricea and Euplexaura.  Despite the 
moderate species diversity, these genera collectively accounted for only 5% of 
total benthic cover.  Figure 5.14 displays a typical view of the marine environment 
at this location. 

5.6.1.55 The black coral genera Antipathes and Cirripathes were recorded, with the latter 
generally being more abundant in deeper areas. 

Figure 5.14 Scleronephthya at Basalt Island 
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10 . The Windfarm Footprint 

5.6.1.56 The prevalence of deep and highly fluidised silty mud within the windfarm footprint 
precluded the establishment of an epifauna community at locations 10 - 13.  
Figure 5.15 displays a typical view of the marine environment at the wind farm site. 

Figure 5.15 Typical Marine Environment at the Windfarm Site 

 
 

5.6.2 Benthic Infauna 

5.6.2.1 The wet season survey was undertaken in August 2006 and the dry season survey 
in January 2007. Eight sampling stations were adopted for the benthic infauna 
survey.  Table 5.3 summarises the general characteristics of each station, while 
Figure 5.16 presents their locations. 

5.6.2.2 Table 5.3 displays that the mean Total Organic Matter (TOM) content in the wet 
season ranged from 2.43% (Station 2) to 6.78% (Station 1), with an average 
across the 8 stations of 4.99%.  Mean TOM was at statistically significantly higher 
levels at all stations in the dry season, ranging from 2.73% (Station 2) to 7.70% 
(Station 1) and with an average of 6.03%.  Sediment samples collected at all 
stations in both wet and dry season surveys were pale grey in colour and did not 
emit pungent smell. 
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Table 5.3 Characteristics of Benthic Infauna Sampling Stations 

    Mean TOM (%) MD 

Station Latitude        Longitude Depth (m) Wet 
Season 

Dry 
Season 

Wet 
Season 

Dry 
Season 

B1 22o 15.808’ N 114o 16.266’ E 16 - 18 6.78 7.70 6.19 6.02 

B2 22o 14.040’ N 114o 17.962’ E 28 - 31 2.43 2.73 5.39 3.19 

B3   22o 14.557’ N  114o 21.016’ E 29 - 32 3.69 4.43 3.31 5.55 

B4 22o 15.296’ N 114o 24.678’ E 27 - 31 5.36 6.44 6.14 6.21 

B5 22o 16.622’ N 114o 25.146’ E 27 - 32 4.84 7.40 6.20 6.20 

B6 22o 17.978’ N 114o 25.482’ E 27 5.31 7.13 6.18 6.20 

B7 22o 16.987’ N 114o 23.679’ E 28 - 30.5 6.55 7.18 6.21 6.23 

B8 22o 15.928’ N 114o 25.969’ E 28 - 30 4.98 5.20 6.12 6.16 

 

Figure 5.16 Distribution of Infauna Survey Stations 
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5.6.2.3 From the wet season survey, only Station 3 had particle size (MD) less than 4, 

indicating the presence of coarser materials. All other stations had MD over 5, 

suggesting they were composed mostly of very find sand and silt/clay.  From the 
dry season survey only Station 2 indicated coarser sediment, with all other stations 
indicating a seabed of predominantly very find sand and silt/clay.  Although varying 

MD values from Stations 2 and 3 in both seasons could suggest heterogeneous 

sediment, there was no statistical difference. 

5.6.2.4 In terms of infauna composition, the wet season survey produced a total of 1,498 
specimens with 92 species in 8 phyla, while the dry season survey produced a 
total of 1,856 specimens with 85 species in 9 phyla.  Polychaete annelids, 
crustaceans and bivalves were the dominant taxa, in both seasons comprising 
>55%, >20% and >9% of the total species respectively.  Of all species, 71 (66.3%) 
were recorded in both surveys, with 22 species (20.6%) only recorded in the wet 
season and 14 species (13.1%) only recorded in the dry season survey. 

5.6.2.5 Appendix 5B presents the complete species list and data on other characteristics 
of all common species in the benthic infauna community (i.e., those present in 

50% of the 8 sampling stations). 

5.6.2.6 Table 5.4 summarizes the number of species, individuals and biomass at each 
sampling station in wet and dry seasons. 

Table 5.4 Summary of species, individuals and biomass recorded at each 
station in wet and dry season surveys 

Station No. of species (/0.5 m2) No. of individuals (/m2) Wet weight (g/m2) 

 Wet Season Dry Season Wet Season Dry Season Wet Season Dry Season 

B1 18 14 468 40 1.77 0.27 

B2 46 46 538 332 39.83 8.37 

B3  41 53 546 378 7.38 19.55 

B4 34 19 264 182 16.99 2.69 

B5 37 26 326 288 4.80 15.65 

B6 29 24 296 196 4.98 3.68 

B7 31 17 276 204 7.35 1.69 

B8 32 22 282 236 11.79 13.79 
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5.6.2.7 In the wet season there were an average of 33.5 species 0.5 m-2, 374.5 individuals 
m-2 and a biomass (wet weight) of 11.86g m-2 per station.  In the dry season there 
were an average of 27.6 species 0.5 m-2, 232.0 individuals m-2 and 8.21g m-2 per 
station.  A significantly higher number of individuals were recorded in wet season 
(t-test, p<0.05). 

5.6.2.8 A total of 28 species were commonly found in the wet season survey, with the 
most common being the sipunculan Apionsoma trichocephalus and nemertean 
species that were present at all 8 stations. These were followed by the 
polychaetes Magelona sp., Aglaophamus dibranchis and the crustacean (ghost 
shrimp) Callianassa japonica which occurred at 7 stations.  In the dry season there 
were 20 species commonly found, with the sipunculan Apionsoma trichocephalus 
and nemertean species again being present at all stations.  The crustaceans 
Callianassa japonica and amphipod species also occurred at all 8 stations, while 
the polychaetes Aglaophamus dibranchis and Cossurella dimorpha and the 
echinoderm (brittle starfish) Amphiura hexactis were found at 7 stations.  

5.6.2.9 Field survey data analysis was conducted to assist the interpretation of community 
attributes and ecological baseline value. Table 5.5 displays index values for 
species richness (d), diversity (H’) and evenness (J) for each sampling station and 
seasonal survey.  

Table 5.5 Univariate statistics for the infauna community (CityU, 2007) 

Station Species richness (d) Species diversity (H’) Species evenness (J) 

 Wet Season Dry Season Wet Season Dry Season Wet Season Dry Season 

B1 2.76 3.52 0.97 2.53 0.34 0.96 

B2 7.16 7.75 3.05 3.32 0.80 0.87 

B3  6.35 8.76 2.65 3.43 0.71 0.86 

B4 5.92 3.46 2.59 2.19 0.73 0.74 

B5 6.22 4.41 2.66 1.91 0.74 0.58 

B6 4.92 4.36 2.41 2.32 0.71 0.73 

B7 5.34 3.01 2.70 1.85 0.79 0.65 

B8 5.49 3.84 2.80 1.81 0.81 0.59 

 

5.6.2.10 In the wet season survey, the values of d ranged from 2.76 (station 1) to 7.16 
(station 2), H’ from 0.97 (station 1) to 3.05 (station 2) and J from 0.34 (station 1) to 
0.81 (station 8). Of these 8 stations, the highest species diversity was found at 
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station 2, followed by station 8. Station 1 had the lowest species diversity and 
evenness, being dominated by shrimp larvae and nemertean spp. 

5.6.2.11 In the dry season survey, the values of d ranged from 3.01 (station 7) to 8.76 
(station 3), H’ from 1.81 (station 8) to 3.43 (station 3) and J from 0.59 (station 8) to 
0.96 (station 1).  Highest species diversity was found at station 3, followed by 
station 2. Stations 5, 7 and 8 had the lowest species diversity and evenness, being 
dominated by the sipunculan Apionsoma trichocephalus and crustacean 
Callianassa japonica. 

5.6.2.12 From both surveys, except for station 1 in the wet season survey and stations 5, 7 
and 8 in the dry season survey, the remaining stations had H’ > 2.00, with the 
highest value of 3.43.  This data concurs with the findings of the desktop review 
that benthic infauna in the study area is relatively diverse compared with the other 
HKSAR waters. 

5.6.2.13 Spatial and seasonal patterns among the 8 sampling stations were determined 
using cluster analysis and multi-dimensional scaling analysis. 

5.6.2.14 In the wet season it was noted that there is general similarity in spatial pattern 
between the communities at stations 2 and 3, represented by inter alia several 
polychaete species, nemertean spp. and the sipulcuan Apionsoma trichocephalus. 
There is also similarity in the wet season communities at stations 4 – 8 where inter 
alia the polychaete Aglaophamus dibranchis, crustacean copepod spp. and 
Callianassa japonica were dominant. Shrimp larvae, in contrast, dominated station 
1.  There were also similarities in the spatial pattern of dry season communities at 
stations 2 – 3 and across stations 4 – 8, while the standalone station 1 revealed 
impoverished infauna. 

5.6.2.15 Seasonal analysis also showed the same clustering of stations into 3 groups, i.e., 
stations 2 - 3, stations 4 – 8, and station 1.  Stations 2 - 3 were dominated by the 
polychaete worms Prionospio malmgreni, Glycera chirori, Tharyx sp., Marphysa 
sanguinea, Loimia ingens, Magelona sp. and Paralacydonia paradoxa, sipunculan 
Apionsoma trichocephalus, the crustacean amphipod spp. and nemertean spp. 
This group was most diverse among the three station groups. 

5.6.2.16 Stations 4-8 were characterized by the sipunculan Apionsoma trichocephalus, 
nemertean spp., polychaete Aglaophamus dibranchis, and crustacean (ghost 
shrimp) Callianassa japonica.  Station 1 was represented by the polychaetes 
Lumbrinereis shiinoi and Aglaophamus dibranchis, sipunculan Apionsoma 
trichocephalus, and nemertean spp.  Overall, the data suggested that seasonal 
changes at these sampling stations were minimal. 

5.6.2.17 Abundance and biomass comparison (ABC) plots were also prepared for the 
stations to provide an indication of sediment disturbance. According to Warwick 
and Clarke (1994), a negative W value suggests a “disturbed” community while a 
W value <0.1 suggests moderate disturbance. In the wet season survey it was 
found that all stations except 1 were “undisturbed”, while in the dry season all 
stations except 7 were “undisturbed”. 
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5.6.2.18 Apart from water depth, the spatial pattern of the benthic composition in the wet 
season survey was best correlated with the inclusive graphic standard deviation 

(), or the degree of sorting, of the sediments. However, the spatial pattern of the 

benthic composition in the dry season sampling was best correlated with total 
organic matter of the sediments. Overall, when both survey results were analyzed, 
water depth and sorting of sediments were best correlated with the community 
pattern. 

5.6.2.19 The most notable finding from the surveys was the presence in the wet season of 
the cephalochordate (amphioxus) Branchiostoma belcheri at stations 2 and 3. 
Figure 5.16 presents station locations. At station 2, 3 individuals were collected in 
the 5-pooled grab samples whereas at station 3, 32 individuals (or 64 m-2) were 
collected.  The body length of these specimens was 5.5 - 7.0 mm, with a mean 
length of 6.1 mm.  Based on unpublished data of CityU, this body length was 
estimated at less than half year of age and considered to represent juveniles in the 
~2.5 - 3.0 year life span of B. belcheri.   There were no records of B. belcheri from 
all the sampling stations in the dry season. 

5.6.2.20 Past studies have revealed densities of amphioxus up to 100 m-2 at sampling 
stations near Tai Long Wan (CityU, 2002).  A further study by Shin et al (2006) 
further confirmed amphioxus densities of 100 - 400 m-2 in sediments at Tai Long 
Wan and adjacent areas in both wet and dry season surveys. 

5.6.2.21 The occurrence of small juveniles at station B3 in the wet season is possibly due 
to random settlement via the planktonic larval stage of the species.  It is 
understood that amphioxus reproduces in the wet season, when higher levels of 
larval recruitment would thus be expected.  Their absence in the dry season 
suggests less than optimal conditions for their continual survival after settlement. A 
2007 CityU study on amphioxus which noted that, “clear oceanic water combined 
with sand sediment with low organic content are the most important habitat 
requirements for amphioxus (CityU, 2007).” The present findings suggest that the 
silty sediments of the seabed in the vicinity of the transmission cable route south 
of the Ninepins is not a major habitat for amphioxus. 

5.6.3 Habitat Evaluation  

5.6.3.1 The ecological evaluation of benthic habitats has been conducted in accordance 
with Annex 8 of the TM on the EIAO Process. 

5.6.3.2 Tables 5.6a to d present a general baseline evaluation of each major habitat type 
within the Study Area (Figure 5.6 displays the habitat types). 

5.6.3.3 Table 5.7 presents a more specific evaluation of each benthic habitat survey 
location in order to present the variability within a broad habitat type. 
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Table 5.6a      Ecological Evaluation of Subtidal Seawall Habitat 

Criteria Seawall 

Naturalness Artificial hard substrate 

Size The total seawall length is about 30 kilometres 

Diversity Low/moderate epifauna diversity and no infauna 

Rarity 

Habitat is common in harbour areas. 

Localised presence of uncommon octocoral Carijoa. 

No rare coral species found. 

Re-creatability Readily re-creatable (artificial structure) 

Fragmentation Widespread variable lengths of wall 

Ecological Linkage Some linkage with adjacent hard shore habitat 

Potential Value Low 

Nursery/ Breeding Ground Nothing of note identified 

Age Not applicable (Artificial) 

Abundance/ Richness of Wildlife Low epifauna abundance and no infauna 

Overall Ecological Value Low 

Coral rarity ratings, (AFCD, unpublished) 

Table 5.6b      Ecological Evaluation of Subtidal Rocky Shore 

Criteria Rocky Shore 

Naturalness Natural with some recreational disturbance. 

Size The total shoreline length is about 300 kilometres 

Diversity Moderate/high epifauna diversity and no infauna. 

Rarity 

Habitat is common in eastern waters. 

Highly localised presence of uncommon octocoral Carijoa  and 
dominant black coral Cirripathes sp 

Re-creatability Re-creatable 

Fragmentation Widespread variable lengths of shoreline 

Ecological Linkage Limited linkage with adjacent soft seabed habitat 

Potential Value Limited potential, as baseline value already high 

Nursery/ Breeding Ground Nothing of note identified 

Age Not applicable 

Abundance/ Richness of Wildlife Moderate epifauna abundance and no infauna 

Overall Ecological Value Moderate 

Coral rarity ratings, (AFCD, unpublished) 
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Table 5.6c      Ecological Evaluation of Subtidal Silty Seabed Habitat 

Criteria Silty Seabed 

Naturalness Largely natural, localised mud disposal 

Size Total seabed area of about 45,000 hectares 

Diversity Low/moderate epifauna diversity and moderate infauna 

Rarity 
Habitat is common in eastern areas. 

Localised presence of restricted Amphioxus 

Re-creatability Difficult to recreate 

Fragmentation Continuous seabed 

Ecological Linkage Good linkage with adjacent soft seabed habitat 

Potential Value Low 

Nursery/ Breeding Ground Nothing of note identified 

Age Not applicable 

Abundance/ Richness of Wildlife
Low/moderate epifauna abundance and high infauna 
abundance 

Overall Ecological Value Low/Moderate 

 

Table 5.6d      Ecological Evaluation of Subtidal Rocky Pinnacle 

Criteria Rocky Pinnacle 

Naturalness Natural with some recreational disturbance. 

Size The total height is about 15-20 meters 

Diversity High epifauna diversity and no infauna. 

Rarity 

The rocky pinnacle is an uncommon feature. 

4 uncommon species of octocoral present. 

No rare coral species found. 

Re-creatability Moderate to difficult re-creatability  

Fragmentation Scattered clusters in eastern waters 

Ecological Linkage Some linkage with adjacent soft seabed habitat 

Potential Value Limited potential, as baseline value already high 

Nursery/ Breeding Ground Localised nursery for reef associated fish 

Age Not Applicable 

Abundance/ Richness of Wildlife Moderate/high epifauna abundance and no infauna 

Overall Ecological Value Moderate/High 

Coral rarity ratings, (AFCD, unpublished) 
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5.7 Construction Phase Impact Assessment 

5.7.1 Introduction 

5.7.1.1 Two key sources of potential impact upon the marine benthic community have 
been identified during project construction: 

 Direct impacts on the project ‘footprint’ from the installation of project 
components resulting in temporary or permanent loss of seabed habitat. 

 Induced impacts through deteriorating water quality during installation of project 
components, most notably potential for mobilisation and deposition of 
suspended sediment upon sessile benthic epifauna. 

5.7.1.2 The potential the impacts to arise, and their implications on the benthic community 
in the Study Area, are discussed below. 

5.7.2 Direct Impacts on Benthic Infauna 

5.7.2.1 No construction activities are proposed in the vicinity of any hard substrate habitat 
where corals are present.  There will however be a loss of soft seabed habitat from 
the following construction activities: 

 Nearshore transmission cable dredging: temporary habitat loss in Junk Bay 

 Offshore transmission and array cable jetting: temporary habitat loss in Eastern 
Waters 

 Offshore foundation construction: permanent habitat loss from installation of 
wind turbine and transmission station foundations 

 

5.7.2.2 Regarding nearshore transmission cable dredging, a summary of these works is 
presented in sub-section 2.8.5.   Approximately 135,000m3 of soft marine muds 
are proposed to be dredged over a period of ~6 weeks.  The total surface area of 
dredging works shall be some 80,000 m2, with this area of seabed infauna habitat 
temporarily lost.  The upper part of the dredged trench will be filled with rock 
armour to the same level as the adjacent seabed.  It can be expected that the 
voids around the rock armour will re-fill with soft sediment under the natural 
hydrodynamic regime within a short period of time. 

5.7.2.3 The significance of the dredging works on the benthic infauna community in Junk 
Bay is considered to be low, as the community is disturbed, is dominated by 
polychaetes, and as recent past survey has revealed the absence of infauna 
species of conservation interest in the immediate area (Maunsell, 2005). 

5.7.2.4 Previous study suggests that the disturbed seabed will naturally be re-colonised by 
species recruited from adjacent seabed areas within a short period.  For example, 
Valente et al (1999) found that 2-3 years after cessation of dredged material 
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disposal in Eastern Waters a benthic epifauna community had established that 
possessed a significantly greater abundance and diversity than those at nearby 
reference stations.  The results suggest that the variety of dredged material 
disposed at the site effectively increased habitat diversity relative to the adjacent 
homogenous seabed habitat. 

5.7.2.5 A summary of the procedure for offshore transmission and array cable jetting is 
presented in sub-section 2.8.6.  These proposed works would involve the 
displacement of soft sediment under high-pressure jets of ambient water, resulting 
in the temporary loss of an approximately 0.4m wide strip of seabed per cable.  It 
is estimated that some 21 km of transmission cable shall be installed over a period 
of approximately 2 months at a maximum installation rate of 150m / hour.  There 
shall also be approximately 40 - 50 km of array cable installation, resulting in a 
cumulative area of temporary habitat loss of ~28,000 m2. 

5.7.2.6 As seabed jetting is proposed from the relatively shallow Tathong Channel, 
through increasingly deep and exposed waters south of Tung Lung Chau and the 
Ninepin Islands group to offshore Eastern Waters, variations in habitat character 
inevitably occur. 

5.7.2.7 The baseline ecological surveys and data analysis presented under sub-section 
5.5 were able to distinguish three ‘groups’ of infauna community according to 
similarity in key sediment character and species composition criteria, with baseline 
field survey suggesting that the grouping of stations 2 - 3 was the most biodiverse. 
Figure 5.16 presents station locations.  

5.7.2.8 Stations 2 - 3 also represent an area of some conservation significance due to the 
wet season presence of juvenile amphioxus Branchiostoma belcheri.  Three 
individuals of amphioxus were recorded from 2 of 5 replicate samples at station 2, 
with 32 individuals from 4 of 5 replicate samples at station 3.  Amphioxus was not 
recorded from these (or any other) survey stations during the dry season.  As 
stations 2 - 3 are remote from the core amphioxus habitat area at offshore Tai 
Long Wan it is considered that the small number of individuals present arose 
through the random settlement of planktonic larvae. A 2007 CityU study on 
amphioxus which noted that, “clear oceanic water combined with sand sediment 
with low organic content are the most important habitat requirements for 
amphioxus (CityU, 2007).”  Accordingly, it is concluded that the silty sediment of 
the seabed at stations 2 - 3 is not a major habitat for amphioxus.  No adverse 
impact is predicted to Amphioxus during construction and operation. 

5.7.2.9 During cable jetting benthic infauna may be damaged by the water jet, and / or 
may be exposed to predation while suspended in the water column.  Such impacts 
will be highly localised given the jetting width of just 0.4m.  As the water jet passes 
over the seabed the cable shall sink through the fluidised mud under its own 
weight, with the sediment consequently reconsolidating as the jetting machine 
passes. 

5.7.2.10 It is noted that the proposed jetting zone has a high edge / area ratio, in the order 
of 2.5:1.0.  Various ecological studies, for example the Coral Growth at High 
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Island Dam study (Binnie Consultants Ltd, 1996), have proven that such areas are 
likely to be re-colonised more rapidly than those with a small ratio because of the 
greater area of adjacent donor sites available from which to recruit, although a 
longer period may be required for full ‘recovery’.* 

5.7.2.11 With reference to past studies of benthic re-colonisation of seabed areas subject 
to mechanical disturbance, pollution or anoxia, it can be expected that initial re-
colonisation will occur with a period of weeks to months following jetting (WBM, 
2004; Santos and Simon, 1980).  Field survey data for this EIA Study indicates 
that the characteristics of the benthic infauna community are broadly consistent 
across the five replicate samples at each survey station.  As such, the narrow 
width of the jetting zone disturbed by jetting zone will thus facilitate re-colonisation 
by species from adjacent seabed areas. 

5.7.2.12 Overall, impacts on the benthic infauna community from cable installation are 
anticipated to be moderate / low in the vicinity of stations 2 - 3, and of little or no 
significance elsewhere along the cable route. 

5.7.2.13 As regards offshore foundation construction, these proposed works differ from the 
proposed dredging and jetting activities in that there would be a direct loss of 
habitat due to the presence of permanent (~20 year lifespan) of fixed structures. 
These proposed works would occur in exposed offshore water where surveys 
conducted for this EIA Study indicate a moderately biodiverse infauna community 
may exist, although no species of conservation significance were recorded (sub-
section 5.5 refers). 

5.7.2.14 At this planning stage it is assumed there shall be no more than 67 turbines and 
one offshore transformer station.  Each of these components shall have a single 
foundation system comprised of four suction caissons each with a diameter of 
approximately 15 metres.  This generates a cumulative area of permanent benthic 

habitat loss of:           4 x ( x (7.5m)2) x 68 = ~48,000m2           

5.7.2.15 Compared with cumulative soft sub-tidal habitat area in the wind farm of ~1,500 
hectares, this represents an insignificant habitat loss of ~0.3% of total seabed in 
the wind farm area.  The total area of soft sub-tidal habitat in the Study Area is > 
45,000 ha.  Given the habitat area to loss ratio, and the absence of any specific 
conservation value, the impact on the benthic infauna community is low to 
acceptable. 

5.7.3 Indirect Impacts on Benthic Epifauna 

5.7.3.1 Through desktop review and baseline field survey work it is known that the Study 
Area is of general conservation importance for epifauna, and particularly coral 
communities, mainly due to the prevalence of rocky offshore islands and 
submerged rocky pinnacles in Eastern Waters. 

                                                      

*
 Following Wilson (1998), ‘recovery’ is defined as a lack of temporal change of biological variables 

at impact sites relative to control sites. 
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5.7.3.2 Given the general sensitivity of the Eastern Waters, the approach for construction 
of the Project has been to avoid or at least minimise marine sediment handling 
where practicable.  This philosophy has led, in turn, to the development of 
construction methodologies that avoid marine dredging / excavation activities in 
offshore waters. 

5.7.3.3 There are, however, cable jetting and foundation construction activities proposed 
in the offshore waters, and also cable dredging and jetting activities in nearshore 
waters.  The potential impacts of these works have been assessed cumulatively to 
present a worst-case scenario for project development, and details of the 
methodology for the assessment of indirect (water quality induced) impacts on 
benthic epifauna are presented in sub-section 4.6. 

5.7.3.4 Table 5.8 presents the degree of impact associated with sediment release, 
transport and deposition at those benthic communities nearest to the Project. 

Table 5.8 Predicted peak Suspended Sediment concentrations above 
baseline (in mg/L) at representative Coral Sensitive Receivers: 
Unmitigated Scenario 

Allowable 
Elevation 

Unmitigated peak concentration above 
baseline* / Scenario 

ID Coral Community 

Dry Wet 1 2 3 4 5 

CC26 Junk Bay 2.24 2.03 3.03 3.03 0 0 0 

CC27 Junk Island 2.24 2.03 4.79 0 0 0 0 

CC11 Fat Tong Chau West 2.24 2.03 2.97 0 10.26 7.29 7.29 

CC8 West Tung Lung Chau 1.82 1.82 0 0 0 0 0 

CC7 South Tung Lung Chau 2.24 1.87 0 0 0 0 0 

CC14 South Ninepin in 3.08 2.15 0 0 0 0 0 

CC16 East Ninepins 2.52 1.84 0 0 0 0 0 

CC19 One Foot Rock 2.52 1.84 0 0 0 0 0 

CC18 Basalt Island 2.52 1.84 0 0 0 0 0 

CC20 Victor Rock 2.52 1.84 0 0 0 0 0 

Note: * Worst-case results predicted during unmitigated wet season dredging. Impact levels in bold. 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 5 - Page 37 
 
 

5.7.3.5 The results in Table 5.8 indicate that adverse impacts are anticipated at the coral 
communities of Junk Bay during dredging works thereat.  The maximum predicted 
concentration of suspended sediment is at the coral community of Fat Tong Chau 
West. Section 4.9.1 presents mitigation measures to ensure no adverse impacts 
from dredging activities at these coral sensitive receivers. 

5.7.3.6 Adverse impacts may also arise by the deposition of suspended sediment upon 
corals.  Table 5.9 summarises the predicted deposition rate at representative coral 
communities during the dry season.  The assessment criterion of 100g / m2 / day is 
used following CAPCO, 2006. 

Table 5.9 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Dry Season – Unmitigated Scenarios 1 to 5 

Scenario 
ID Coral Community 

1 2 3 4 5 

CC26 Junk Bay 35.8 35.8 0 0 0 

CC27 Junk Island 0 0 0 0 0 

CC11 Fat Tong Chau West 35.4 0 248.4 212.9 212.9 

Note: Impact levels in bold 

5.7.3.7 Given the predicted high sediment deposition rates at Fat Tong Chau coral 
community in the dry season, mitigation measures are required to ensure no 
adverse impacts from concurrent dredging and jetting activities. 

5.7.3.8 Table 5.10 presents the predicted deposition results for the wet season scenario. 
Adverse impacts are anticipated to be greatest at the coral community at Fat Tong 
Chau from concurrent dredging and jetting. Adverse impacts are also anticipated 
at other nearby coral communities, and hence mitigation is required. Section 5.11 
presents details of analysis with mitigation measures to ensure no adverse 
impacts from dredging and jetting activities at these coral sensitive receivers 

Table 5.10 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Wet Season – Unmitigated Scenarios 1 to 5 

Scenario 
ID Name 

1 2 3 4 5 

CC26 Junk Bay 130.9 130.9 0 0 0 

CC27 Junk Island 206.9 0 0 0 0 

CC11 Fat Tong Chau West 128.3 0 443.2 314.9 314.9 

Note: Impact levels in bold. 
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5.8 Operational Phase Impact Assessment 

5.8.1.1 Section 4.8 identified that normal project operation will cause no significant 
changes in water quality, which indicates that there will be no adverse impacts on 
benthic communities during normal project operation. Sections 5.8.2 to 5.8.4 
present a summary of key findings.   

5.8.2 Current Speeds, Accumulated Flows and Hydrodynamics 

5.8.2.1 The location of the wind farm is in open waters and the spacing between the 
substructure elements is large (approximately 450 m – 600 m). Water flows freely 
across the entire site. 

5.8.2.2 Changes in current speeds outside the wind farm site, due to the presence of the 
wind turbines, were negligible and unmeasurable (maximum change of 0.006m/s). 
No significant changes in accumulated flows were predicted at any of the modeled 
locations. Local changes (increases) in flow at the seabed near the foundation 
structure will occur within the area of the top of the suction caissons – hence no 
additional scour of the seabed is expected.    

5.8.2.3 Given these minute changes, it is anticipated that flushing capacities and sediment 
transport within major channels and semi-enclosed areas will remain unchanged 
from existing conditions and there will be no effect on benthic communities due to 
these issues.   

5.8.3 Storm water and Maintenance Vessels 

5.8.3.1 No adverse impacts due to storm water generation are expected as the exposed 
surfaces of the wind turbine components contain no contaminants. Detailed 
information on maintenance vessel frequencies and activities is presented in 
Section 2. Wastewater generated from machinery spaces would be contained 
within the vessels. Sewage generated from workforce would be disposed of by 
licensed waste collectors. No water quality impacts arising from routine 
maintenance operations are anticipated.  

5.8.4 Oil Spill 

5.8.4.1 Vessel collision risk is very low as the designation of the wind farm footprint as a 
controlled water space, as detailed in Section 8.8.2.4, will reduce vessel traffic 
below low current levels. 

5.8.4.2 If a collision does occur, the Operator’s marine craft and Marine Department oil 
spill control vessels will be easily able to reach the Ninepins within 4 hours, and 
will quickly contain any fuel oil spills. Hydrodynamic flow modelling of the study 
area for oil spills (Section 4) showed that all spills at the project site remain in open 
waters and do not approach or strand on any coastlines within this time.  An Oil 
Spill Management Plan is presented in Appendix 4H. 
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5.8.5 Enhancement 

5.8.5.1 There is some potential for benefits associated with project operation through the 
provision of additional surface area for natural benthic colonisation and hence 
development of artificial reef systems. 

5.8.5.2 The cumulative surface area of the anticipated 68 jacket substructures between 
seabed and the water surface shall be approximately 100,000m2 (based on the 
Base Case Development Scenario, presented in Section 2.6, of 67 tripod 
structures with legs nominal 5m diameter in 30m water depth) and taking account 
of the fact that although the surface area shall not be solid, the faces of the metal 
grid sub-structure will offer a substantial cumulative surface area. 

5.8.5.3 This available surface area will more than make up for the loss of benthic infauna 
habitat of low ecological value.  Based on previous studies it is anticipated this 
artificial hard substrate shall enable natural colonisation by a range of epifauna, 
producing a net benefit at the wind farm footprint area. 

5.8.5.4 Recent investigations into the rate and extent of marine growth on new marine 
structures in the South China Sea recorded a biomass of almost 0.9 kg / m2 
approximately 3 months after installation, with growth recorded at all depths (Yan 
et al, 2006).  Biodiversity was found to have further increased at 6 and 12 months, 
by which time the a community of barnacles, anemones, pearl oysters, 
polychaetes and bryozoans has become established at ~20m depth.  The 
community in more shallow waters (~3m) also supported algae, bivalves, 
decapods, annelids and amphipods (ibid.). 

5.8.5.5 A parallel study, also in south-eastern waters, of communities of at least 5 years 
old recorded a total of 105 taxa, with molluscs (bivalves), arthropods and annelids 
being the most abundant.  Surveys at depths from 3 to 38 metres recorded a 
mean biomass of ~20 kg / m2 (ibid.). 

5.8.5.6 A series of qualitative observations of benthic colonization of marine structures 
has also been made by recreational divers at oil platforms in waters about ~100 
metres deep in the South China Sea.  The location, some 90 km southeast of the 
Study Area, has regularly been visited by divers since year 2000 (Asiatic Marine, 
2007). The community age is unknown, but is assumed to be < 10 years. 

5.8.5.7 An epifauna community ~15cm thick primarily comprising oysters and barnacles 
has been recorded at one oil platform site, with this community forming a hard 
substrate for coral growth. Coral observations of note include the dominance of the 
octocoral Dendronephthya spp on metal structures at -10 to -50m.  Small colonies 
of the black coral Carijoa sp were noted, as were colonies of the hard coral 
Acropora sp.  A variety of marine life has been observed associated with the 
benthic community, including reef fishes, lobsters and moray eels (ibid.).  Figure 
5.17 indicates the diversity and richness of the benthic community on the 
structure. 
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Figure 5.17 Epifauna Community at South China Sea Oil Rig Structure 

 

  Source: Asiatic Marine Limited 

5.9 Cumulative Impacts 

5.9.1.1 No cumulative water quality impacts are anticipated as a result of the operation of 
the East Ninepins and East Tung Lung Chau Sediment Disposal Areas, or from 
construction activities associated with Further Development of Tseung Kwan O.  

5.9.1.2 EIA’s for the Cruise Terminal at Kai Tak project and the Wan Chai Development 
Phase II project have suggested that coral colonies be translocated from their 
current locations to small sites in Junk Bay. Figure 4.1 a), in Section 4, shows that 
these potential coral translocation sites are approximately 1.6 kilometers away from 
the cable corridor. Given this ample separation and the results of the water quality 
analysis, summarized in Section 5.8, no adverse impacts are anticipated at the 
potential coral translocation sites during either construction or operation phases. 

5.9.1.3 No cumulative impacts are anticipated during operation of the proposed wind farm. 
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5.10 Mitigation Measures & Best Practice 

5.10.1 Marine Dredging 

5.10.1.1 Although it has been identified that the coral communities at Fat Tong Chau and 
Junk Island are generally of low ecological value, the water quality impact 
assessment identified that unmitigated dredging works would potentially result in 
adverse impacts. 

5.10.1.2 Accordingly, the following controls on marine dredging activities are proposed: 

 Working rate for dredging in Junk Bay should not exceed a cumulative total of 
6,300 m3 / day between two dredgers. 

 Closed grab dredgers should be used for sediment dredging in Junk Bay.  The 
mechanical grabs should be properly maintained to minimise spillage of 
sediment. 

 Silt curtains should be provided closely surrounding the dredging point to 
minimise dispersion of sediment plumes. 

 Barges for disposal of dredged marine sediment: 

 Should be fitted with tight seals to prevent leakage of sediment during 
transport. 

 Should not be filled beyond a level that would result in spillage or being 
washed overboard by wave action during transport to the disposal site. 

 Should be kept clear of excess material on the deck and the exposed barge 
fitting should be cleaned before transport to the disposal site. 

5.10.2 Jetting 

5.10.2.1 The assessment of the proposed jetting works for submarine cable burial in the 
near-shore environment of Junk Bay predicts this activity will contribute to elevated 
sediment deposition upon nearby coral communities.  Accordingly, in order to 
avoid direct impacts upon benthic epifauna it is proposed control the jetting speed 
as follows: 

 Not exceeding 75 metres / hour in the section between Junk Bay and South 
Tung Lung Chau. This Jetting Control Zone is shown in Figure 4.18. 

 Not exceeding 150 metres / hour in all other locations. 

 The project proponent will best endeavour to program jetting at the southern 
section of the cable alignment in the dry season to avoid/minimize impact on 
amphioxus. 
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5.10.3 Enhancement 

5.10.3.1 The sub-structure of the wind turbine foundations shall provide a net increase in 
the surface area of hard substrate available as an artificial reef for colonization by 
reef dwelling organisms.  Artificial Reef enhancement options shall be investigated 
in parallel with the detailed foundation design.  Further details are provided in 
Section 8. 

5.11 Residual Impact Assessment 

5.11.1.1 Table 5.11 presents the predicted suspended sediment levels at potentially 
impacted coral communities following the implementation of dredging controls and 
other mitigation measures. 

Table 5.11 Predicted Suspended Sediment concentrations (in mg/L) at 
representative Coral Sensitive Receivers: Mitigated Scenario 

Allowable 
Elevation 

Mitigated peak concentration above baseline* / 
Scenario 

ID 
Coral 

Community 

Dry Wet 1 2 3 4 5 

CC26 Junk Bay 2.24 2.03 0.91 0.91 0 0 0 

CC27 Junk Island 2.24 2.03 0.94 0 0 0 0 

CC11 
Fat Tong 

Chau West 
2.24 2.03 0.02 0 0.80 0.77 0.77 

Note: * Worst-case results predicted during unmitigated wet season dredging. 

 

5.11.1.2 Accordingly, Table 5.11 indicates that no residual adverse impacts are anticipated 
at representative receivers with the adoption of controls measures. 

5.11.1.3 Table 5.12 and Table 5.13 present the predicted sediment deposition results for 
dry and wet season construction activities, respectively. The effectiveness of the 
proposed controls on marine activities and the deployment of silt curtains in Junk 
Bay will be adequate to ensure no adverse impacts arise from dredging and jetting 
works. 
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Table 5.12 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Dry Season – Mitigated Scenarios 1 to 5 

Scenario 
ID Name 

1 2 3 4 5 

CC26 Junk Bay 7.8 7.8 0 0 0 

CC27 Junk Island 0 0 0 0 0 

CC11 Fat Tong Chau West 0 0 25.9 25.9 25.9 

 

Table 5.13 Predicted Sediment Deposition Rates (in g/m2/day) at Coral 
Communities in Wet Season – Mitigated Scenarios 1 to 5 

Scenario 
ID Name 

1 2 3 4 5 

CC26 Junk Bay 39.30 39.30 0 0 0 

CC27 Junk Island 40.60 0 0 0 0 

CC11 Fat Tong Chau West 0.86 0 34.60 33.30 33.30 

5.12 Environmental Monitoring & Audit Requirements 

5.12.1.1 No environmental monitoring & audit (EM&A) programme is proposed for the 
benthic infauna community, as no significant adverse impacts are anticipated. 

5.12.1.2 For the benthic epifauna, particularly corals, it is proposed that water quality 
monitoring be conducted at Fat Tong Chau during dredging activities in Junk Bay 
to ensure levels of suspended solids outside the silt curtain enclosure do not 
exceed the Water Quality Objectives.  The details of water quality monitoring are 
presented in the stand-alone EM&A Manual. 

5.12.1.3 It is also proposed that the positioning of the silt curtains be checked prior to 
implementation of marine dredging and jetting activities off Fat Tong Chau as this 
location is the closest sensitive receiver to the works.  

5.12.1.4 Literature reviews and dive surveys undertaken as part of the EIA identified the 
site adjacent to the transmission cable at Tung Lung Chau South as of moderate 
to high ecological value due to the abundance and diversity of coral found at the 
sites.   

5.12.1.5 Although adverse impacts to any corals are not predicted to occur as a result of 
the mitigation measures adopted during cable installation, the project proponent 
has offered to conduct coral impact monitoring at those sites with the most 
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valuable coral communities identified in proximity to the cable alignment (value > 
moderate & distance < 400m (about 3 time mixing zone) to verify that the project 
will have no adverse ecological impacts. 

5.12.1.6 In addition, the EIA has predicted that no impacts will occur at Victor Rock and 
South Ninepins sites given that they lie about 1km from works areas.  However, as 
a further precaution given their moderate to high value, the project proponent has 
also offered to conduct coral monitoring at one site at Victor Rock when turbines 
are installed within 1km and at one site at the South Ninepins when cable Jetting 
is conducted within 1km.  

5.12.1.7 The measures proposed for this project are similar to those in, "The proposed 
Submarine Gas Pipelines from Cheng Tou Jiao Liquefied Natural Gas Receiving 
Terminal, Shenzhen to Tai Po Gas Production Plant, Hong Kong" (EIA 089/2003) 
submitted by the Hong Kong Gas China Gas Company Ltd. Details of the coral 
monitoring are presented in the stand-alone EM&A Manual. 

5.13 Conclusions & Recommendations 

5.13.1.1 Desk-top review and field survey has reaffirmed that the Eastern Waters of the 
HKSAR are of generally high marine conservation interest with regard to its 
epifauna community and, at a more localised level, infauna community.  The 
conservation value of the benthic community in the more sheltered waters of Junk 
Bay and the Tathong Channel is relatively low. 

5.13.1.2 Field surveys were conducted from August 2006 to June 2007, and covered wet 
and dry seasons.  From dive surveys conducted at 13 survey locations it was 
recorded that the benthic epifauna communities of the highest conservation 
significance were at the East Ninepin, Basalt Island and the underwater pinnacles 
Victor Rock and One Foot Rock.  The infauna community to the south of Tung 
Lung Chau and South Ninepin was identified as being of the highest conservation 
value of the eight survey locations.  The benthic community in the wind farm 
footprint was found to be of low conservation value. 

5.13.1.3 The key potential impact from Project development was identified as being 
sediment release and resettlement associated with marine dredging and cable 
jetting activities.  Numerical simulation was conducted to assess water quality 
impacts, and the model predicted adverse impacts at coral communities in Junk 
Bay.  Simulations also confirmed that with the implementation of the proposed 
mitigation measures, no exceedance of the WQO criteria was found at all coral 
sites. No adverse impact is predicted to amphioxus during both construction and 
operation phases of the project. .This demonstrates that the adoption of proposed 
mitigation measures combined with construction phase monitoring shall ensure no 
adverse impacts will arise. 

5.13.1.4 Adverse direct impacts on seabed habitat from temporary dredging and cable 
jetting activities shall be of short duration and reversible, with anticipated re-
colonisation of the affected areas within a short period of time. 
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5.13.1.5 The presence of the turbine foundations at the wind farm area will provide an 
artificial habitat for potential colonisation by benthic epifauna. The cumulative 
surface area of over 100,000 m2 shall more than make up for the permanent loss 
of 48,000 m2 of silty mud of low ecological value, producing  significant net 
ecological benefits in the area of the wind farm. 
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6 Pelagic Ecology 

6.1 Introduction 

6.1.1.1 This section presents the approach to and the findings of the pelagic ecology 
baseline assessment and the Project impact assessment. Pelagic ecology 
concerns open sea habitat, species and communities, and for the purposes of this 
EIA Study also includes reef fishes. 

6.1.1.2 The aim of the pelagic ecological impact assessment is to present representative 
baseline ecological conditions within the Study Area and evaluate these against 
potential impacts from Project development with a view to protection and 
enhancement of the natural environment. 

6.2 Objectives 

6.2.1.1 The pelagic ecological assessment has been undertaken in accordance with the 
criteria and guidelines in Annexes 8 and 16 respectively of the EIA-TM, and with 
reference to the requirements of Clause 3.4.2 of the EIA Study Brief. 

6.2.1.2 The key objectives are as follows: 

 Review the findings of relevant studies/surveys and collate the available 
information regarding the ecological characters of the assessment area; 

 Evaluate information collected and identify any information gap relating to 
the assessment of potential ecological impact; 

 Conduct marine mammal field survey of at least 12 months covering 4 
seasons to fill information gaps identified in Section 3.4.2.4 (ii) of the ESB; 

 Establish the general ecological profile of the Study Area taking into account 
seasonal variations, and describe the characteristics of each habitat found. 
Major information shall include inter alia the types / locations of habitats and 
species of conservation interest such as marine mammals, in particular 
finless porpoises; 

 Identify and quantify as far as possible impacts or disturbance (e.g., 
physical injury, underwater noise) to marine mammals in particular finless 
porpoises during construction (e.g., dredging of turbine foundations, cable 
installations, pile driving for installation of turbine foundations) and during 
operation (e.g., underwater noise generated by the wind turbines). 

 Evaluate the significance and acceptability of such impacts during Project 
construction and operation; 
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 Recommend all possible alternatives and practicable mitigation measures to 
avoid adverse ecological impacts during Project construction and operation 
upon pelagic species; 

 Evaluate the feasibility and effectiveness of any recommended mitigation 
measures, quantify as far as practicable the residual impacts of mitigation 
measure implementation and evaluate the acceptability of any residual 
impacts using the criteria in Annex 8 of the TM; and 

 Review any requirements for ecological monitoring. 

6.3 Legislation, Standards & Guidelines 

6.3.1.1 Reference has been made to the following local legislation governing conservation 
of marine ecological resources: 

 Wild Animals Protection Ordinance (Cap. 170) provides for the protection of 
species listed in ' Schedule 2 ' of the Ordinance by prohibiting the 
disturbance, taking or removal of such animals, their nests and eggs. This 
Ordinance excludes fish and marine invertebrates, but does allow for the 
protection of all marine mammals found in HKSAR waters. 

 Protection of Endangered Species of Animals and Plants Ordinance (Cap. 
586) controls the local possession of any endangered species of animals 
and plants listed in its schedules.  These include both species of marine 
mammal resident in the HKSAR. 

 Fisheries Protection Ordinance and Regulations (Cap. 171) regulates 
fishing practices, aims to prevent activities detrimental to the fishing industry 
and aims to protect fishes and other marine biota in HKSAR waters. 

 

6.3.1.2 Relevant Mainland regulations include the Wild Animals Protection Law that inter 
alia protects the habitats of all wild fauna, including the creation of Class I /II 
protected species lists (Class I species being of greater concern). Chinese white 
dolphin and Finless porpoise are listed as Class I and Class II National Protected 
Species, respectively. 

6.3.1.3 Other relevant international regulations include: 

 Convention on International Trade in Endangered Species (CITES) [of Wild 
Flora and Fauna] has listed Chinese white dolphin and Finless porpoise as 
Appendix I species, i.e. most endangered species which are prohibited from 
international trading.  

 The International Union for Conservation of Nature and Natural Resources 
(IUCN) Red List has listed Chinese white dolphin and Finless porpoise as 
data deficient species, i.e. insufficient data on abundance and / or 
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distribution. 

 Convention on the Conservation of Migratory Species of Wild Animals (CMS) 
has listed Chinese white dolphin and Finless porpoise as Appendix – II 
Species, i.e. migratory species conserved through Agreements.  

6.4 Assessment Approach 

6.4.1 Desktop Review 

6.4.1.1 A review of available data and information was conducted.  The most relevant 
updated sources of data / information for marine mammals includes inter alia: 

 AFCD, 2000. Conservation Biology of the Finless porpoise (Neophocaena 
phocaenoides) in Hong Kong Waters Final Report. Agriculture Fisheries and 
Conservation Department (AFCD), HKSAR Government. 

 AFCD, 2005. Monitoring of Finless Porpoise (Neophocaena phocaenoides) 
in Hong Kong Waters (2003-05). Final Report.  AFCD, HKSAR Government. 

 AFCD, 2006. Monitoring of Hump-backed Dolphins (Sousa chinensis) in 
Hong Kong Waters Data Collection and Final Report. AFCD, HKSAR 
Government. 

 AFCD, 2008, Monitoring of marine mammals in Hong Kong waters – data 
collection (2007 – 2008). AFCD, HKSAR Government. 

 Jefferson, T.A., 2000. Population Biology of the Indo-Pacific Hump-backed 
Dolphin in Hong Kong Waters. Wildlife Monographs, Vol. 64. 

 

6.4.1.2 Key data sources on the fish species of the HKSAR and Eastern Waters included: 

 Binnie Consulting Ltd., 1994.  South of Ninepins Borrow Area, 
Environmental Impact Assessment, Civil Engineering Department (CED), 
Geotechnical Engineering Office. 

 Binnie Consulting Ltd., 1995.  South Mirs Bay Environmental Impact 
Assessment, Initial Assessment Report.  CED, Geotechnical Engineering 
Office. 

 Binnie Consulting Ltd., 1995.  Marine Ecology of Hong Kong: Report on the 
Underwater Dive Surveys, Vol I and II.  CED, Geotechnical Control Office. 
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6.4.2 Marine Mammal Survey 

6.4.2.1 As required by the EIA Study Brief, a 12-month boat-based marine mammal survey 
was conducted between June 2006 and July 2007.  The survey adopted the survey 
route used for past studies in the Study Area, with reference to the methodology 
adopted AFCD, 2006.  Figure 6.1 illustrates the survey route. 

Figure 6.1 The Boat Transect Route for Marine Mammal Survey  

 
 

6.4.2.2 Searches and observations were conducted on the open upper deck of the survey 
vessel (a 15 metre coastal vessel) from the flying bridge area at an elevation of 4 - 
5 metres above the water surface.  A principal observer conducted the searches 
aided by suitable magnifying binoculars (e.g., 8 x 42) for scanning a search area in 

front of the vessel (between 270˚ and 90˚ in relation to the bow as 0˚). A secondary 

observer primarily conducted searches without the aid of binoculars and recorded 
data. 

6.4.2.3 The data recorded during the course of each survey included time, distance and 
position of initial sighting (measured using a hand-held GPS), size and age 
composition of groups and behaviour, including response to the survey vessel. 

6.4.2.4 All sighting data was only validated when the sea state at the time of sighting was 
between 0 and 3 on the Beaufort scale. Accordingly, survey dates were mainly 
informed by weather forecasts issued by the Hong Kong Observatory (HKO) 
resulting in some irregularly in the survey schedule during the survey period.  
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Appendix 6A presents the wind data collected at Waglan Island meteorological 
station. 

6.4.2.5 The survey vessel travelled along the route at a constant speed of 15km / hour 
throughout the entire survey, with vessel navigation controlled by DGPS real time 
on board system digitally recording the survey route.  For each survey event an 
annotated vessel track plot was produced to verify the transect route. These 
records are presented in Appendix 6B. 

6.4.3 Independent Expert Appraisal 

6.4.3.1 The consultancy services of marine mammal behaviour and ecology expert Dr. 
Bernd Würsig were engaged in starting April 2008 to conduct a peer review of 
marine mammal activity / sensitivity to the Project, and to advise on monitoring and 
management requirements of the proposed Project area.  This Section of the EIA 
Report therefore incorporates the suggestions of Dr Würsig. 

6.5 Ecological Baseline Profile 

6.5.1 Marine Mammals: Literature Review 

6.5.1.1 There has been much research carried out in Hong Kong on marine mammals 
since the early 1990’s, originally relative to construction of the Chek Lap Kok 
International Airport and the fuel receiving facility for it, but then expanded to other 
projects (for example: Jefferson, 2000; Jefferson et al, 2002). 

6.5.1.2 Almost all of the work carried out north and west of Lantau Island was relative to 
Indo-Pacific humpback dolphins, Sousa chinensis. Less research has been 
conducted in the Eastern Waters of Hong Kong, and most of this work has 
concentrated on finless porpoises, Neophocaena phocaenoides.  These two 
species of marine mammals are resident in some of HKSAR waters all year. 

6.5.1.3 Indo-Pacific hump-backed dolphins are mostly white or pinkish colour with 
shaped spots and flecks (Jefferson, 2000). Black marks surround their eyes and 
their body shape is strong with large, broad flippers and flukes. Their average 
length is approximately 2.5 metres, and their beaks account for 6-10% of total 
length. 

6.5.1.4 These dolphins, most frequently observed in waters off North Lantau, usually travel 
in small schools of less than 10 individuals and are commonly found associated 
with fishing vessels, such as pair trawlers, in the western HKSAR waters.  
Common behaviour includes travelling, foraging, feeding and socialising. Their 
mean dive time is about 40-60 seconds (Parsons, 1997). 

6.5.1.5 Common prey species include croakers Johnius spp., lionhead Collichthis lucida 
and anchovies Thryssa spp. (AFCD, 2006).  Studies of the stomach content of 
carcasses suggest that this species does not consume many cephalopods or 
crustaceans, but mostly feeds on demersal estuarine fish species (Barros et al., 
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2004). 

6.5.1.6 Indo-Pacific hump-backed dolphins display a seasonal distribution, although their 
range appears to be largely restricted to the estuarine waters of the Pearl River 
Delta.  There are few observation records in Eastern Waters of the HKSAR that 
have a dominant oceanic influence (Parsons, 1997; Jefferson, 2000; and AFCD, 
2006).  Figure 6.2 illustrates the seasonal distribution of Sousa chinensis. 

6.5.1.7 Finless porpoises have no dorsal fin, rostrum nor beak.  They are smaller than 
dolphins, growing to less than 2 metres in length.  Adults are generally light grey in 
colour, while the juveniles are a darker grey. 

6.5.1.8 The relatively cryptic nature of finless porpoises, with shallow and brief surfacing 
behaviour and very limited breaching or aerial behaviour, hinders the detection or 
study of these species (Jefferson, 2000).  They are most commonly seen during 
feeding, travelling and milling. 

6.5.1.9 This species feeds on mostly cephalopods of the families Loliginidae, Octopodidae, 
and Sepiidae, and on demersal fish families including Apogonidae, Carangidae, 
Clupeidae, Congridae, Engraulidae, Leiognathidae, Maemulidae, Mugilidae, 
Nemipteridae, Sciaenidae, and some panaeid shrimps (Barros et al. 2002; Parsons 
1997).  Based on their prey species it has been suggested that finless porpoises 
predominantly seek coastal and non-estuarine species (AFCD, 2005). 

6.5.1.10 Although the activity of finless porpoises extends to and overlaps with that of 
Sousa chinensis around south Lantau and Lamma Island, these two species have 
not been reported to be interacting which may indicate a partitioning of habitats 
within HKSAR waters (Jefferson and Braulik 1999; Parsons 1998a). 
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Figure 6.2 Seasonal Distribution of Indo-Pacific Hump-Backed Dolphins 

 

Source: AFCD (2007a) 
  Notes: (a) Spring; (b) Summer; (c) Autumn; (d) Winter 

 

6.5.1.11 Figure 6.3 displays seasonal distribution data for finless porpoises in HKSAR 
waters.  These data may be broadly summarised as follows: 

 Spring (March to May): peak season with significant numbers in southern 
waters. 

 Summer (June to August): western areas of south Lantau and Lamma 
vacated by finless porpoises. 

 Autumn (September to November): abundance appears to reach a low point 
possibly due to offshore movement of animals south into Mainland waters. 

 Winter (December to February): move into waters of South Lantau and 
Lamma. 
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Figure 6.3 Seasonal Distribution of Finless Porpoises 

 

Source: AFCD (2005) 
  Notes: (a) Spring; (b) Summer; (c) Autumn; (d) Winter 

 

6.5.1.12 As regards non-resident species of marine mammals, there are HKSAR 
observation records for a total of 16 such species (Jefferson & Hung, 2007).  Table 
6.1 summarises confirmed sightings of ten non-resident species that have been 
observed in the general vicinity of the Study Area in recent years. 
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Table 6.1 Confirmed Non-Resident Cetacean Sighting Records  

Conservation Status* 
Common 

Name 
Scientific 

Name 
IUCN Red 

List 
CITES CMS 

Confirmed Hong Kong 
Records 

Bryde’s whale 
Balaenoptera 

edeni 
Data Deficient App. I App. II 

Stranding confirmed 
near Tolo Harbour in 

2005 

Long-beaked 
common 
dolphin 

Delphinus 
capensis 

Low Risk Least 
Concern 

App. II App. II 
Carcass found offshore 

Po Toi Island in May 
2004. 

Risso’s dolphin 
Grampus 
griseus 

Data Deficient App. II App. II 
3-4 strandings reported 

near Tolo Harbour in 
June 1986. 

Pantrophical 
spotted dolphin 

Stenella 
attenuata 

Low Risk 
Conservation 
Dependent 

App. II - 
Carcass discovered 
near Starling Inlet in 

Mirs Bay in 2000. 

Striped dolphin 
Stenella 

coeruleoalba 

Low Risk 
Conservation 
Dependent 

App. II - 
A carcass was 

discovered at Shek O in 
1996. 

Common 
bottlenose 

dolphin 

Tursiops 
aduncus 

Data Deficient App. II App. II 
Carcass discovered by 

Tung Lung Chau in 
2001. 

Indo-Pacific 
bottlenose 

dolphin 

Tursiops 
truncatus 

Data Deficient App. II App. II 
Carcass found in waters 
offshore Double Island / 
Crescent Island in 2004. 

False killer 
whale 

Pseudorca 
crassidens 

Low Risk Least 
Concern 

App. II - 
A carcass was reported 
on Town Island in Sai 

Kung in 2005. 

Rough-toothed 
dolphin 

Steno 
bredanensis 

Data Deficient App. II - 
A carcass was found 

near Ching Chau in Sai 
Kung in May 2003. 

Sperm whale 
Physeter 

macrocephalus 
Vulnerable App. I App. I 

Stranding record in July 
2003 at Tai Wan in Sai 

Kung. 

 

6.5.1.13 Given the prevalence of more visible marine mammal activity in the western 
HKSAR, relatively less effort has been placed into surveys of Eastern Waters. The 
most recent 2-year survey programme for finless porpoises was to investigate 
distribution and behaviour in southern waters, but also including waters around Po 
Toi, Ninepins and Sai Kung.  Figure 6.4 presents the vessel transects adopted for 
these surveys. 
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Figure 6.4 AFCD Marine Mammal Survey Transect Routes 

 

Source: AFCD (2000) 

 

6.5.1.14 Figure 6.5 presents the location of sightings recorded between 1996 and 2005. It is 
immediately evident that there is variation in the spatial distribution of sightings 
across surveyed waters. 
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Figure 6.5 Finless Porpoise Sighting Records in the HKSAR, 1996-2005 

 

Source: AFCD (2005) 

 

6.5.1.15 An average biennial encounter rate of 2.9 per 100km was obtained from 5 survey 
zones across the HKSAR from the most recent AFCD survey, including the 3 
zones in Eastern Waters (Figure 6.4 refers) as well as the coastal waters off South 
Lantau and Lamma (AFCD, 2005).  The 2005 AFCD survey also recorded high 
localised encounter rates of 7.6 at Po Toi and 3.1 at the Ninepin Islands during 
summer months.  

6.5.1.16 It is noted that these latest encounter rate data are somewhat higher than past data 
collected in Eastern Waters over the past decade.  Figure 6.6 summarises the 
summer encounter rate per 100km in each of the three survey zones in Eastern 
Waters: Sai Kung, Ninepins and Po Toi.  It is apparent that when considering a 
longer-term data set that there is considerable variation in encounter rate both 
within and between these zones.  For example, within the Ninepin survey zone a 
summer biennial encounter rate of 9.6 sightings / 100 km was recorded in the 
1996/97 survey, while only one sighting was recorded in the subsequent 1998/99 
survey (i.e., encounter rates of approximately 0.2 sightings / 100 km) and with no 
sightings in the 2000/01 survey.  Also, while the 2005 survey recorded a summer 
encounter rate of 7.6 in Po Toi, the latest AFCD study in 2008 recorded a summer 
encounter rate of only 1.9 there (AFCD, 2008). The 2008 survey did not conduct 
surveys in Sai Kung and the Ninepins.  
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Figure 6.6  Temporal Trend of Biennial Encounter Rates of Finless 
Porpoises in Summer Months in Each Eastern Survey Area 

 

Source: AFCD (2005) 

 

6.5.1.17 Jefferson (AFCD, 2000) cautioned about drawing linkages between encounter 
rates and actual abundances. He stated that “any trends observed in the estimates, 
even if real, may simply reflect local movements of animals and not necessarily 
changes in overall abundance of the population (e.g. the redistribution factor)”.  
Jefferson (AFCD, 2000) pointed out that variation in the encounter rate is 
reasonable as finless porpoises can travel freely between local and regional 
waters, and more importantly, the survey area does not contain any closed finless 
porpoise population. 

6.5.1.18 Environmental conditions likely play an important role in the distribution of finless 
porpoises.  Parsons (1998b) set forth a correlation between physical environment 
and the relative abundance of the species in local waters.   Finless porpoises 
appear to respond positively with cooler water of higher salinity, which may explain 
the overall higher encounter rates during winter and spring (AFCD, 2007).  Other 
elements that may affect finless porpoise distribution patterns include reproductive 
cycles, hydrography, diurnal patterns and tidal state (Parsons, 1998b). 

6.5.1.19 In conclusion, although finless porpoises are present in Eastern Waters year-
round, analyses show sporadic and low occurrence in all seasons and large 
fluctuations in different areas / zones. 

6.5.2 Marine Mammals: 2006/07 Field Survey 

6.5.2.1 Updated baseline data on marine mammals utilising the Study Area was collected 
specifically for the purposes of this EIA Study through a series of boat-based 
transect surveys.  Surveys were undertaken on 25 days during the year, equivalent 
to one event approximately every 15 days.  The survey frequency was dictated by 
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offshore weather conditions, and despite reliance on general weather forecasts for 
the offshore area obtained from the Waglan Island meteorological station, 
unpredictably rough seas led to some survey events being abandoned while in 
progress. 

6.5.2.2 Overall the average length of each transect was ~120 km per event, with a 
cumulative distance of ~3,000 km covered by these boat-based surveys.  A total of 
~2,500km of survey effort was conducted at or below Beaufort 3.   

6.5.2.3 The survey area covered Ninepins and part of the Sai Kung transect routes 
adopted by previous surveys commissioned by AFCD (2000 & 2005) (Figure 6.1 
and Figure 6.4 refer).  The survey was focussed on offshore Eastern Waters, the 
proposed wind farm footprint area - some 5km east of the Ninepin Islands, was 
also included.    

6.5.2.4 The surveys resulted in only five individual resident finless porpoises being 
observed ‘on effort’ over two days, equal to an average encounter rate of about 0.2 
sightings per 100km.  A further five incidental observations of finless porpoises 
were made during the survey period.  Three of these incidental sightings were 
recorded within and in the vicinity of the Wind Farm.  No further observations of 
finless porpoises were made in the period May – July 2007. 

6.5.2.5 While the encounter rate of 0.2 finless porpoise sightings per 100km is lower than 
the AFCD data collected between 2003 to 2005, the literature review indicates that 
the encounter rate of finless porpoise in Eastern waters could be highly variable 
and sporadic.  The encounter rate during the latest 2008/09 AFCD survey (AFCD 
pers. comm.) in Po Toi was 3.6 sightings per 100 km, but that for 2007-08 was only 
1.9. The lack of encounters during the 2006/07 BMT summer season survey may 
be considered comparable with the low encounter rate (e.g. in 2000-2001, Figure 
6.6) reported within AFCD data.   

6.5.2.6 The variable but generally low encounter rate does not suggest that finless 
porpoises are absent from Eastern Waters.  For example, anecdotal evidence 
obtained through discussions with fishermen for this EIA study would strongly 
suggest that the species is present year-round in waters around the Ninepins 
(defined in the broadest sense), although not in any significant numbers. There are 
also strong indications from the survey completed for this EIA study and from 
expert opinion (for example, Würsig, pers. comm.) that the visual observation 
method used in isolation in a low encounter rate area may be of limited 
effectiveness; a fact that cannot be overlooked when considering options for future 
monitoring and management of the marine environment for the benefit marine 
resources [sub-section 6.10.1 refers]. 

6.5.2.7 A total of 15 False killer whales Pseudorca crassidens – an occasional migrant – 
were also observed ‘on effort’ in a single day in open waters.  A pod of 12 
specimens was also incidentally observed at close quarters a few days before 
during sediment sampling at the northeast of the proposed Wind Farm area, 
enabling video and photographic records to be taken (Figure 6.7).  It is likely that 
these observations were of the same pod. 
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Figure 6.7 False Killer Whale Pseudorca crassidens observed in May 2007 

 
 

6.5.2.8 Figure 6.8 presents the locations of all observations made, while Table 6.2 
presents a summary of the sightings. 

Table 6.2 Summary of Marine Mammal Observations  

Coordinates 
Obs. 
Ref. 

Date 
(2007) 

Species Count 

Northing Easting 

Sighting 
Angle^ 

Observer 
Distance 

(m) 

Beaufort 
Scale 

1 14 Feb Finless Porpoise 4 809,757  847,094  090˚ 200 2 

2 10 Mar Finless Porpoise 1 815,696  860,249  N.A.* <50 4 

3 13 Apr Finless Porpoise 1 808,897  808,897  270˚ 8 2 

4 16 Apr Finless Porpoise 1 814,274  852,385  N.A.* 100 1 

5 16 Apr Finless Porpoise 3 812,491  860,654  N.A.* 100 1 

6 4 May False Killer whale 12 817,876  861,805  0 - 360˚* 4 - 200 1 

7 7 May False Killer whale 15 817,165  857,679  
270˚ - 

90˚ 
10 2 

Notes:  ^ Sighting angle from vessel (bow = 0 degrees) 

     * Incidental observations 
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Figure 6.8 Marine Mammal Sighting Locations, 2006/2007 Survey 

 
 

6.5.3 Fish 

6.5.3.1 There has been a general dramatic decline in fish abundance in HKSAR waters 
from the middle of the last century.  In the 1950s the catch per unit effort for 
trawlers in local waters was about 90-140 kg per haul, but by the 1980s the catch 
per unit effort had declined ~15 kg per haul (Cheung and Sadovy, 2004). By the 
1980s, reef species such as groupers, yellow croakers and giant croakers had 
become rare catches, with the biomass of these predatory species estimated to 
have fallen by around 80% (ibid.). 

6.5.3.2 This general decline continued through the 1990s and early 2000s, by which time 
local catches of fishes and invertebrates were dominated by juvenile fishes and 
small and fast growing species such as pony fish (Leung, 2000; WWF, 2005). The 
similarity in catch over these years suggested that the marine ecosystem was 
stable at a depressed level (Sumaila et al, 2007). 

6.5.3.3 Given the absence of any major project development in Eastern Waters in the 
intervening period, and the general decline in fisheries productivity through the 
1990s to the present day, the results of two ichthyoplankton surveys conducted in 
the mid-1990s are still valid. 

6.5.3.4 Figure 6.9 presents the coverage and nature of these surveys, with the proposed 
wind farm in ‘Zone 6’ as displayed.  There were 40 species of fish larvae and 29 
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species of fish eggs identified in these two surveys. The average density of fish 
larvae and fish eggs in Zone 6 was 0.008 - 0.012 and 0.054 - 0.097 individuals / 
m3, respectively (Binnie Consulting Ltd, 1995a, b).  These levels were significantly 
lower than the mean densities from other surveyed waters. 

Figure 6.9 Ichthyoplankton Survey Locations 

 

Source: Binnie Consulting Limited (1995a, b) 

6.5.3.5 The ichthyoplankton survey’s result are consistent with the findings of the Port 
Surveys 1996/1997 and onwards that Eastern Waters is not a major spawning 
ground in Hong Kong (Section 8 refers). 

6.5.3.6 A series of trawl and gillnet surveys were undertaken during the early and mid 
1990s in waters off Basalt Island, the Ninepin Islands and Po Toi.  Figure 6.10 
displays the survey locations using these two methods. 

6.5.3.7 The trawl survey recorded a total of 41 species of fish and 67 species of 
invertebrate.  The dominant fish catch was the rifle cardinal (62% of catch) which is 
known as a highly resilient species (Binnie Consulting Ltd, 1994).  Conversely, 
species with a relatively high value / low resilience only made up a small fraction of 
the catch.  The average fish biomass was < 10g, with very few specimens with a 
biomass > 1kg (ibid). 

6.5.3.8 The species composition caught using gillnetting was generally different from that 
using trawling, with greyfin croaker, Belenger’s croaker and lizard fish making up 
40% of total catch in the survey area.  Table 6.3 presents a record of reef 
associated fish species caught in waters around the Ninepin Islands during the 
gillnetting survey, with the majority of reef associated species being resilient to 
fishing pressure. 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

 

ESB-146/2006 Issue 3, May 2009 Section 6 – Page 17 
 
 

Figure 6.10 Trawl and Gillnet Fish Survey Locations 

 

Source: Binnie Consulting Limited (1995a, b) 

 

Table 6.3 Reef-Associated Fish Species around the Ninepins 

Species Name Common Name Habitat Description 
Resilience to Fishing 

Pressure 

Apogon kiensis Rifle cardinal 
reef-associated; brackish; 

marine; depth range 0 – 50 m 
High (population doubling 

time = 15 months) 

Apogon ellioti 
Flag-in cardinal-

fish 
reef-associated; marine; depth 

range 18 – 106 m 
High (population doubling 

time = < 15 months) 

Engyprosopon 
grandisquama 

Large-scale 
flounder 

Reef-associated; marine; 
depth range 7 – 200 m 

High (population doubling 
time = < 15 months) 

Chaetodon 
modestus 

Brownbanded 
butterfly fish 

reef-associated; 
oceanodromous; marine; depth 

range 40 – 190 m 

High (population doubling 
time = < 15 months) 

Sillago sihama Silver sillago 
reef-associated; 

amphidromous; brackish; 
marine; depth range 0 – 60 m 

High (population doubling 
time = < 15 months) 

Aesopia 
cornuta 

Horned sole 
reef-associated; marine; depth 

range 8 – 100 m 
Medium, population doubling 

time = 1.4 – 4.4 years 

Source: Binnie Consulting Limited (1994); www.fishbase.org  
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6.5.4 Sharks, Rays & Skates 

6.5.4.1 Occasional sightings of sharks are generally made in local waters during the 
months of May through September.  Historic records indicated that various sharks 
used to be somewhat common in local waters, although there have been no recent 
records of species such as the Spottail shark and the Whitetail shark since the 
1930’s (Lin, 1949).  The last recorded observation of the Silky shark and Slender 
bamboo shark were from the 1960’s (Ni and Kwok, 1999). 

6.5.4.2 No formal field research has been conducted in local marine waters, although past 
desk-based research indicates that several species have been observed within 
HKSAR since the 1990’s.  Table 6.4 summarises these species. 

Table 6.4 Shark, Ray & Skates in HKSAR Waters 

Family Species Name Common Name Conservation Status 

Orectolobiformes 
(Carpet sharks) 

Chiloscyllium 
plagiosum 

Whitespotted 
bambooshark 

IUCN –Near Threatened 

Carcharhinus macloti Hardnose shark IUCN – Near Threatened 

Rhizoprionodon acutus Milk shark IUCN – Least Concern 

Scoliodon laticaudus Spadenose shark 
IUCN – Lower Risk Near 

Threatened 

Carcharhiniformes 
(Ground sharks) 

Narcine indica Large spotted numbfish Not Listed 

Narke japonica Japanese sleeper ray Not Listed 

Aetomylaeus niehofii Banded eagle ray Not Listed 

Platyrhina sinensis Fanray Not Listed 

Anacanthobatis 
melanosoma 

Blackbodied leg skate Not Listed 

Raja hollandi Yellow spotted skate Not Listed 

Raja kwangtungensis Kwangtung skate Not Listed 

Dasyatis akajei Red stingray IUCN – Near Threatened 

Dasyatis bennetti Bennett's stingray Not Listed 

Rajiformes (True 
rays & skates) 

Dasyatis kuhlii Bluespotted stingray Not Listed 
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Family Species Name Common Name Conservation Status 

Dasyatis zugei Pale-edged stingray IUCN – Near Threatened 

Himantura gerrardi Sharpnose stingray Not Listed 

Gymnura bimaculata Twin-spot butterfly ray Not Listed 

Aetobatus flagellum Longheaded eagle ray Endangered 

Aetobatus milvus Eagle ray Not Listed 

Source: Ni and Kwok (1999).  

 

6.5.4.3 There have been a number of incidental observations of other sharks in more 
recent years, with the most recent (as of the time of writing) being in August 2007 
when the carcass of a juvenile Black tip shark was found trapped in fishing nets in 
Hoi Ha Wan Marine Park. 

6.5.4.4 As sharks, rays and skates appear to be only occasional visitors to HKSAR waters 
and in small numbers, this group of animals is unlikely to be exposed to impacts 
from Project development and is not considered further in this assessment. 

6.5.5 Sea Turtles 

6.5.5.1 Five species of sea turtle have been recorded in HKSAR waters: the Loggerhead, 
Green Turtle, Leatherback, Hawksbill and Olive Ridley.  Only the green turtle is 
known to breed in Hong Kong. 

6.5.5.2 A female green turtle was observed on the sandy beach at Tai Long Wan in 
September 2006, and this observation led to 65 eggs collected being artificially 
incubated, successfully hatched and all juveniles released at Tai Long Wan in July 
2007. The remaining 18 eggs were kept on site for natural incubation. The previous 
documented green turtle nesting event at Tai Long Wan was in the 1970s. 

6.5.5.3 AFCD’s Green Turtle satellite tracking programme has followed one female egg-
laying turtles returning from Sham Wan beach at south Lamma Island to feeding 
grounds in coastal waters off Hainan Island to the west of the HKSAR (Chan et al, 
2003).  An AFCD press release stated that tracking had indicated that the Green 
Turtle typically dived for 15 to 30 minutes to eat sea grass and sea weed before 
surfacing to breathe before the next dive, and travelled to the feeding ground at a 
speed of 0.5 – 2.0 kilometres per hour (AFCD, 2002). 

6.5.5.4 Data from the programme has also tracked adult Green Turtle movements through 
Eastern Waters, with tracks indicating movement through waters off Tai Long Wan, 
around Basalt Island and past the eastern coast of Tung Lung Chau en route to 
HKSAR southern waters (AFCD, unpublished data.).  However, the programme 
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has not led to any conclusion as to the origin or destination of the adult females 
that laid eggs at Tai Long Wan in 2006. 

6.5.5.5 Commonly documented threats to sea turtles in the marine environment include 
fishing activity and floating debris.  Fishing activity using long-lines and gill-nets 
can lead to entanglement and drowning, or may lead to flipper injury due to 
constriction by fishing lines or trawling nets, while marine debris such as plastic 
bags may converge with natural food prey such as jellyfish in oceanographic drift 
zones, leading to ingestion and suffocation (NOAA, 2008). The issue of floating 
debris is a particular problem for sea turtles that spend a significant portion of their 
life cycle in the pelagic environment (e.g., juvenile green turtles).  

6.5.5.6 During the Construction Phase it is anticipated that as major sections of the 
windfarm are installed the windfarm footprint will be progressively designated as a 
controlled waterspace through the deployment of byelaws or similar legal 
instruments that will be sought for the windfarm site. Waterbourne access would be 
restricted to vessels that have received approval from the authority specified in the 
legal instruments. 

6.5.5.7 Given the low volume and low speed of vessel traffic present during construction 
operations due to the designation a controlled waterspace, any sea turtles present 
in the area should be able to easily avoid the slow moving construction vessels. 
The controlled waterspace mentioned above will also be in effect during the 
Operations Phase which will ensure that vessel traffic will not significantly change 
from present levels. 

6.5.5.8 As jetting of the cable route will only cause temporary, localized disturbances at the 
specific location along the cable route being jetted at any particular time, the most 
likely behavior for any turtles present will be to avoid the immediate area around 
the jetting works. 

6.5.5.9 There is a regional tradition of hunting sea turtles, with turtle scales, skins and 
shells being ingredients in traditional Chinese medicine.  For example, in March 
2000 over 450 kilograms of sea turtle skin and shells found hidden inside 
containers from Indonesia and the Philippines en route to the Mainland.  Based on 
the quantities of skins and shells seized, it was estimated that 600 sea turtles had 
been illegally poached (C&E, 2000). 

6.5.5.10 Locally, there has been a tradition of sea turtle egg collection, while other terrestrial 
threats to the nesting Green Turtles at the Sham Wan, Lamma Island – a Site of 
Special Scientific Interest and a Restricted Area – include floating refuse that is 
washed ashore and climbing plants.  Both of these threats may block the 
movement of adult Green Turtles and hatchlings, and at Sham Wan require active 
management before the onset of the restricted period for egg-laying, which at 
Sham Wan is June through October each year. 

6.5.5.11 The proposed Project will not contribute to any of the existing marine or terrestrial 
threats referred above, although the issue of turbine lighting that may potentially 
lead to disorientation of adult and hatchling Green Turtles is discussed under the 
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operational phase impact assessment in sub-section 6.7.5. The potential noise 
impacts of the low level of construction vessel traffic that will be present during the 
Construction Phase is dealt with in sub-section 6.6.3. 

6.6 Construction Phase Impact Assessment 

6.6.1.1 Given the construction method, the primary potential ecological impact on pelagic 
species is indirect water quality induced impacts associated with marine 
construction activities.   Construction noise shall be a relatively minor issue as no 
marine piling shall be undertaken for the project. 

6.6.2 Water quality induced impacts 

6.6.2.1 Numerical modeling has been conducted to predict the increase in levels of 
suspended sediment at representative locations within the Study Area, including at 
coral reefs inhabited by reef fish and open waters where marine mammals have 
been observed. Details of the methodology for the assessment of water quality 
induced impacts are presented in sub-section 4.6. 

6.6.2.2 Movements of reef fish at the underwater pinnacles of Victor Rock and One Foot 
Rock may be restricted due to the isolation of these features, with the result that 
the impact of elevated levels of suspended sediment on reef fish, and pelagics that 
feed on them,  at these receivers may be greatest.  In contrast, the larger 
contiguous area of reef habitat at the rocky islands would enable reef fish to avoid 
any sediment plume by swimming into unaffected waters around the coast.   

6.6.2.3 Numerical water quality modelling, presented in sub-section 4.7.3, predicts no 
increases in the level of suspended solids at sensitive receivers. All increases, 
except at CC26, CC27 and CC11, were significantly below WQO criteria. The 
exceedances at CC26, CC27 and CC11, resulted in the adoption of mitigation 
measures such as silt curtains and restrictions on dredging rate presented in sub-
section 4.9.  

6.6.2.4 Table 6.5 presents the predicted results for the mitigated scenarios which confirm 
full compliance with WQO criteria at these sites. Hence, no adverse impacts are 
anticipated for coral, fish and any associated pelagic activity at these WSR, 
regardless of whether it is an underwater pinnacle or continuous reef habitat.       

Table 6.5 Predicted SS Increases (in mg/L) at representative Coral 
Community Water Sensitive Receivers: Mitigated Scenario  

Allowable 
Elevation 

Mitigated peak concentration above baseline* / 
Scenario 

ID 
Coral 

Community 

Dry Wet 1 2 3 4 5 

CC26 Junk Bay 2.24 2.03 0.91 0.91 0 0 0 
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Allowable 
Elevation 

Mitigated peak concentration above baseline* / 
Scenario 

CC27 Junk Island 2.24 2.03 0.94 0 0 0 0 

CC11 
Fat Tong 

Chau West 
2.24 2.03 0.02 0 0.80 0.77 0.77 

 

6.6.2.5 Marine mammals and other truly pelagic species that routinely travel long distances 
thoughout HKSAR waters would be able to swim into open waters to avoid 
sediment impact. Also, as marine mammals surface to breathe, their respiratory 
surfaces are not affected by suspended sediment in the water.  

6.6.2.6 The unlikelihood of any adverse impacts to marine mammals is further supported 
by the water quality modelling results. Suspended sediment increases were only 
predicted at two sites, presented in Table 6.6, where increases were very small 
and remained significantly below WQO criteria without the need for any mitigation. 

Table 6.6 Predicted SS Increases (in mg/L) at representative Marine 
Mammal Water Sensitive Receivers: Unmitigated Scenario  

Allowable 
Elevation 

Unmitigated peak concentration above 
baseline / Scenario 

ID Name 

Dry Wet 1 2 3 4 5 

MM8 
Sighting Point of 
Marine Mammal 

2.24 1.87 0 0.32 0 0.32 0 

MM11 
Sighting Point of 
Marine Mammal 

2.24 1.87 0 0.09 0 0.09 0 

 

6.6.2.7 Water quality modelling predicts that the levels of suspended solids at all 
representative pelagic sensitive receivers shall be significantly below the WQO 
impact evaluation criteria. Accordingly, no adverse impacts upon fish, marine 
mammals or other pelagic species are anticipated. 

6.6.3 Underwater Noise 

6.6.3.1 A comprehensive review and assessment of underwater noise effects on marine 
mammals and fish has been conducted by Thomsen et al (2006) based on wind 
farm developments in the North Sea.  The following assessment is largely based 
on this recent work. 

6.6.3.2 Studies have shown that European harbour porpoise Phocoena phocoena 
communicate with a range of sounds, and can hear in the range of 16 – 140 kHz 
(Kastelein et al., 2002).  The sounds emitted by this species – in the same 
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taxonomic Family as the finless porpoises resident in HKSAR waters – have been 
categorised as follows based on Verboom and Kastelein (1995): 

 Low frequency sounds at 1.4 – 2.5 kHz for communication 

 Sonar-clicks (echolocation) at 110 – 140 kHz 

 Low-energy sounds at 30 – 60 kHz 

 Broadband signals at 13 – 100 kHz 
 

6.6.3.3 Sonar clicks have been found to be the main sound emitted by the harbour 
porpoise (ibid.).  Similarly, studies of the finless porpoise suggest that it produces 
similar sonar clicks at a peak frequency of 142 kHz (Goold & Jefferson, 2002). 

6.6.3.4 As regards potential construction phase impacts, marine dredging / jetting works 
and large marine vessels typically emit sound in the range of 0.02 to 1 kHz (Goold 
& Jefferson, 2002; Popper et al, 2003).  Medium sized offshore support and supply 
vessels typically generate noise at frequencies between 0.02 to 10 kHz 
(Richardson et al. 1995), with marine vessel noise measured near the Urmston 
Road in western HKSAR waters at 2.5 kHz (Würsig and Greene, 2002).   These 
underwater noises are thus generally below the hearing range of finless porpoises, 
and certainly below the documented peak hearing range of ~140 kHz for 
porpoises. 

6.6.3.5 Construction noise levels are also generally below the 8 - 90 kHz hearing range of 
the Indo Pacific Hump-backed dolphin, Sousa chinensis reported by Richardson et 
al (1995), although this species is uncommon outside its preferred estuarine habitat 
and thus a very uncommon sighting in the Study Area. Construction noise levels 
are also below the most sensitive hearing range of false killer whales, Pseudorca 
crassidens reported by Thomas et al (1988) was between 16 -64 kHz.    

6.6.3.6 It is clear from past AFCD visual and acoustic studies, and the present BMT visual 
study, that finless porpoises and other cetaceans do not use the east Hong Kong 
proposed Wind Farm area to a high extent (for example, Jefferson et al., 2002; 
AFCD, 2005, 2007).  The foundation structures of the proposed Wind Farm are to 
be installed using the relatively non-noisy suction can foundation system.  While 
there may be some avoidance of the immediate area (within about 200 to 500 m) 
during construction (based on data from various reports on European harbour 
porpoises e.g. Koschinski et al., 2003), no adverse impacts on marine mammals 
are anticipated during marine construction activities. 

6.6.3.7 A 2006 study by the Woods Hole Oceanographic Institution on the hearing ranges 
of sea turtles found that juvenile green turtles have the broadest hearing range 
(100-800 Hz; best sensitivity 600-700 Hz). This is within the anticipated range of 
noise generated by construction activity. However given the low number and low 
speed of construction vessels, and the fact that construction activities are taking 
place in the open ocean, it is expected that temporary avoidance behaviour will be 
the norm for sea turtles during the construction phase and there will be no 
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significant adverse noise impacts. 

6.6.3.8 The hearing ranges of fishes has been studied less, although a hearing range for 
fish of 30 Hz to 1 kHz is generally agreed, recognizing that some species can hear 
sound below or above this range (Popper et al, 2004).  Accordingly, noise from 
construction activities may affect fishes in the Study Area. 

6.6.3.9 Construction activities will lead to an increase in the number of marine vessels at 
the proposed wind farm from the present (low) baseline average of 20 vessels / 
day, and thus marine vessel activity shall be the primary noise source for fishes.  
Construction marine traffic will include the heavy lift vessel for turbine installation, a 
dedicated cable laying vessel and a variety of tugs and work boats to support 
operations.  Work at the proposed wind farm will occur in concentrated periods and 
during the busiest days up to 15 vessels may be operating (BMT, 2007). Although 
this would effectively create a short term doubling of vessels, the marine traffic 
density would be less than 0.2% that of Hong Kong’s busier fairways. 

6.6.3.10 The seabed of the proposed wind farm is exposed and offers no habitat for fin 
fishes, while no turbine installation activities shall be in proximity to reef fish habitat 
at the Ninepin Islands or Basalt Island.  Given these considerations and the low 
overall marine traffic volume associated with construction, no significant adverse 
impacts on fishes are anticipated. 

6.7 Operational Phase Impact Assessment  

6.7.1.1 Potential sources of operational phase impacts are associated with noise from 
turbine operation, noise and collision risk upon marine mammals associated with 
maintenance vessel activity, and electro-magnetic field effects from transmission 
and array cabling. Section 4.8 identified that normal project operation will cause no 
significant changes in water quality, which indicates that there will be no indirect 
ecological impacts on finless porpoises, false killer whales, green turtles and other 
pelagic species during the operational phase. 

6.7.1.2 The positive ecological impact associated with the presence of a cumulative 
surface area of over 100,000m2 of foundation structure has been mentioned in sub-
section 5.8. The general benefits to fisheries are further elaborated in sub-section 
8.7.  

6.7.1.3 Although 0.06% of their habitat that will be occupied by turbine structures 
(conservatively estimated based on 67 turbines each with 10 meter diameter 
central support and three 5m diameter tripod legs, in 30m water depth), it is also 
possible that the contiguous array of wind farm underwater structures will attract 
fishes and invertebrates to the area, and that porpoises and false killer whales 
might make use of this newly-created resource in their habitat, as has been found 
in situations in northern Europe (Diederichs et al., 2008).  

6.7.2 Underwater Noise 
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6.7.2.1 With reference to Thomsen et al (2006), underwater noise data from a 1.5MW 
turbine operating in winds of 12 m/s collected by ITAP (2005) was used to predict 
sound pressure levels at distances of 1 m, 100 m and 1 km from the turbine.  
Figure 6.11 shows the plot of sound pressure levels along with ambient noise and 
audiograms of the European harbour porpoises and harbour seal. 

Figure 6.11 Underwater Noise from a 1.5 MW Turbine 

Source: Thomsen et al (2006), compiled from various sources. 
 

6.7.2.2 Using the harbour porpoise as a proxy for the finless porpoise (sub-section 6.6.3 
refers); noise may be audible at a distance of 100m from the turbine, but not at a 
distance of 1 km (ibid.).  The results are broadly similar to observations of response 
to underwater noise from a simulated 2 MW turbine, with the distance of 
approaches by harbour porpoise increased from a median of 120 to 182 m 
(Koschinsk et al, 2003). 

6.7.2.3 Figure 6.12 displays data from boat-based surveys at Horns Rev Offshore Wind 
Farm presenting a drop in porpoise distribution during piling, but recovery to 
baseline levels during operation.  Thus, while it appears that there may potentially 
be a behavioural response from finless porpoises to turbine noise, significant 
adverse impacts are not anticipated. 

6.7.2.4 As referred previously, we can assume a general hearing range for fish of 30 Hz to 
1 kHz (Popper et al, 2004), although it has also been suggested that fish display a 
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weak response to sounds in the range 50 Hz to 1 kHz and that in this range the 
influence of turbine noise is likely to be minor (Knudsen et al, 1994; Westerberg, 
1995).  

6.7.2.5 Low frequency noise below 50 Hz is considered to be of most importance for fish, 
and this has been suggested as the reason why fish display a consistent 
behavioural response and even an attraction to low frequency disturbance 
(Knudsen et al, 1994; Westerberg, 1995). Wahlberg and Westerberg (2005) 
estimate the range within which fish may be scared away from a turbine to be less 
than 5 metres. Accordingly, significant adverse underwater noise impacts on fish 
are not anticipated. 

6.7.2.6 Studies of medium sized offshore support and supply vessels indicate noise is 
mainly generated at frequencies between 20 Hz and 10 kHz (Richardson et al. 
1995) and thus outside the key frequencies of concern. 

Figure 6.12 Harbour porpoise density at Horns Rev Wind Farm 

 

Source: Teilmann et al (2006). 

6.7.3 Marine Vessel Collision Risk 

6.7.3.1 The stand-alone Marine Navigation and Safety Risk Assessment (BMT, 2007) has 
concluded that access restriction is required in order to manage anticipated human 
behavioural responses such as scaling of turbine towers, trawling immediately 
adjacent to foundations and entry of un-seaworthy sight-seeing vessels. 

6.7.3.2 In order to manage these risks, it is proposed that the wind farm area is designated 
as a controlled waterspace through the development of byelaws or similar legal 
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instruments. Waterborne access would be restricted to vessels that have received 
approval from the authority specified in the legal instruments. Marine access would 
be restricted to vessels directly associated with wind farm maintenance / control 
operations, Government craft and permitted vessels. This proposal would 
significantly reduce the volume of marine traffic within the wind farm boundary and 
accordingly would reduce the risk of collision compared with baseline levels. 

6.7.3.3 The marine control measures, the low baseline traffic volume of the wind farm site, 
and the low density of marine mammal and sea turtle activity in Eastern Waters will 
result in a negligible level of collision risk. Especially when compared with the 
marine traffic volume of over 2,000 vessel movements per day through the core 
habitat of the Indo Pacific hump-backed dolphin Sousa chinensis on a daily basis. 

6.7.4 Electro-magnetic Field 

6.7.4.1 Most marine species can detect electromagnetic fields, although some species are 
considered to be potentially more susceptible than others. Concerns regarding 
effects on prey detection of rays and sharks, for example, have been raised in the 
past although current knowledge is limited in terms of species-specific data.  The 
industry standard 132kV cables to be adopted by the proposed project have been 

shown to produce a magnetic field of 1.6T and an induced electric field of 

approximately 91V/m. This magnetic field is small in comparison the Earth’s 

natural geomagnetic field of 50T, and is estimated to fall to background levels at a 

distance of ~20m from the cable corridor (Gill et al, 2005). 

6.7.4.2 As two parallel cables are to be installed for the wind farm operation there shall be 
a cumulative effect, although the strength of the field is limited when cables are 
buried as sediment dissipates the induced electric field much more rapidly than sea 
water (ibid.).  Accordingly, the effects of the field on fishes and other marine life are 
anticipated to be negligible. 

6.7.5 Artificial Lighting 

6.7.5.1 Existing potential marine threats to sea turtles from marine traffic (6.7.3 refers) and 
floating debris will not increase during Project operation as the wind farm area 
would be under strict management control. 

6.7.5.2 As regards terrestrial threats associated with project operation, artificial lighting 
could deter an adult female Green Turtle from emerging from the sea to nest, 
although there shall be no lighting within some 10 km of the nesting beach at Tai 
Long Wan while well-lit container vessels use the approach to Yantian Port 24-
hours a day.  In this context, and given that Green Turtles have been tracked 
passing through HKSAR Eastern Waters (e.g., AFCD, 2003 and AFCD, 
unpublished data) under existing baseline conditions, artificial lighting from the 
offshore turbines is not anticipated to result in any adverse impact on adult female 
Green Turtles that may come into the area. 

6.7.5.3 For Green Turtle hatchlings, lighting behind a nesting beach may disorient 
emerging hatchlings away from the sea as hatchlings tend to move towards the 
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brightest direction (NOAA, 2008).  In the case of the proposed Project, this 
direction would still be towards the broad horizon of the open sea, and no adverse 
impact would arise. 

6.8 Mitigation Measures & Best Practice 

6.8.1.1 Referring to Thomsen et al (2006), if less noisy construction methods to percussive 
piling exist, these should preferentially be used. For the proposed project, 
considerable effort has been taken to investigate the feasibility of the suction 
caisson foundation option, with this construction method selected as preferred to 
avoid adverse impacts.  In addition, as a precautionary measure, a 250 metre 
exclusion zone shall be implemented around the works barge during installation of 
foundations and turbine sub-structures. 

6.8.1.2 Controls on dredging and jetting activities as referred in sub-section 4.9.1 shall 
ensure that impacts on reef fish at minor coral communities in Junk Bay are 
avoided. 

6.9 Residual Impact Assessment 

6.9.1.1 Due to the use of low impact suction caissons and the implementation of the 
marine mammal exclusion zone, no significant adverse impacts are anticipated 
during the construction phase. Previous sections have also identified that that the 
already negligible operational phase impacts will be further reduced by the 
designation of the wind farm area as a controlled water space. As a result, no 
specific mitigation is required as no adverse impacts on the pelagic ecosystem are 
anticipated.  Accordingly, there shall be no residual impacts. 

6.10 Environmental Monitoring & Audit Requirements 

6.10.1 Monitoring of Marine Mammals 

6.10.1.1 It has been well-documented for all but Dall’s porpoises (Phocoenoides dalli), that 
porpoises of the family phocoenidae (as opposed to most dolphins, delphinidae) 
tend to be cryptic while they surface to breathe, and are therefore difficult to see.  
This is exacerbated in the finless porpoise, as it is small and even more difficult to 
see than other species due to the lack of a dorsal fin, as well as a muted gray 
coloration that often makes the porpoise blend in with a slightly choppy water 
surface (Jefferson and Hung, 2004).  

6.10.1.2 Furthermore, following literature review and the 2006/07 field survey event for this 
Project, it is evident that there are factors that amplify limited data in areas with an 
already low encounter rate.  These include: 

 Changes in local distribution pattern: fluctuating porpoise utilization rate has 
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been recorded across eastern waters (Figure 6.6 refers). 

 The survey methodology: Studies at Nysted Offshore Wind Farm in Denmark 
for example concluded that as porpoises were mostly active at night-time, there 
were fundamental limitations in visual only (i.e., day-time) surveys. 

 Weather conditions: the vessel-based observation method is highly weather 
dependent and can be compromised greatly by, for example, low sunlight 
intensity (Evans, 2008).  Locally, Jefferson (AFCD, 2000) concluded that the 
overall abundance, which is a function of sighting rate and probability density 
function, could drop by as much as 42% when survey observations were 
conducted in unfavourable environmental condition.   

 

6.10.1.3 For such reasons, cetacean studies for international offshore wind farm 
developments, such as the monitoring conducted at Nysted Offshore Wind Farm, 
have modified the approach by deploying acoustic devices which are less weather-
dependent and can allow for continuous monitoring.  Such devices, or passive 
acoustic monitors (PAMs), are invaluable for detecting the high frequency clicks of 
porpoises that are easily-distinguished from sounds of other marine animals. 

6.10.1.4 Most monitoring work of this type has been carried out on European harbour 
porpoises, Phocoena phocoena (Villadsgaard et al., 2007; Evans, 2008), although 
the technique has also been experimentally demonstrated locally for finless 
porpoises using towed recording devices jointly engaged during line transects. 
(Jefferson et al. 2002: Goold and Jefferson, 2002). 

6.10.1.5 One type of PAM is the T-POD (for, “timing porpoise detectors”) which is used 
specifically for monitoring porpoise clicks and can be mounted on the seabed to  
give a 24-hour-day record of marine mammal presence within a detection range of 
75 to up to about 200m.   A more recent development is the C-POD, for “cetacean 
porpoise detector”, that more accurately records vocalizations of porpoises plus all 
other echolocating toothed whales and dolphins (www.chelonia.co.uk). 

6.10.1.6 Given the above, we do not suggest further stand-alone use of the visual 
observation method to obtain more information on porpoise occurrence patterns in 
the general area.  We have also explored the possibility of using visual surveys in 
conjunction with towed acoustic sensing devices (T-PODs) as were used by 
Jefferson et al. (2002) for detecting finless porpoises.  While this double-system of 
evaluation was useful for corroboration of visual sightings, it is apparent that 
porpoises are at times shutting off their active acoustics due to the presence of the 
line-transect research vessel, and we have received expert advice (Nick Tregenza, 
Chelonia Ltd.) that as a result, it is unlikely that towed systems enhance visual 
surveys for finless porpoises, at least with present resolution and capabilities. 

6.10.1.7 Considering the above, it is apparent that effort exploring the habitat use of finless 
porpoises and other marine mammals in the Study Area is necessary.  Accordingly, 
we recommend the use of C-PODs to monitor the activity of finless porpoises both 
day and night and in all weather conditions due to their greater reliability relative to 
sensing porpoises as well as other marine mammals.  Further details of the 
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proposed monitoring programme shall be provided in the Project’s stand-alone 
Marine Environment Monitoring Plan (MEMP) to be developed in parallel with the 
engineering design, although the two core elements shall involve: 

 Joint visual / C-POD Calibration survey: As bottom-mounted acoustic 
monitoring devices have not previously been used for detecting finless 
porpoises, it is important that these be calibrated relative to visual surveys.  It is 
thus proposed that a line transect survey be conducted in conjunction with 
placement of C-PODs using standard approved line transect methodology (as 
per AFCD, 2005, etc.) for calibration purposes.  Given the low level of sightings 
(and, hence potentially, acoustic contacts), the line transects and C-PODs 
should be engaged in for sufficient time for statistical robustness relative to 
inter-calibration. 

One option for this work, to be discussed and agreed with AFCD prior to 
commencement, is to conduct the joint acoustic / visual survey in HKSAR 
western waters where finless porpoise activity is relatively high (compared with 
offshore eastern waters), and hence with greater potential for good quality 
calibration data.  Under this scenario, for example, deployment of 2-3 C-PODs 
combined with a 3-month visual survey would likely yield good quality data for 
C-POD calibration.  Ultimately the number of C-PODs to be deployed and the 
necessary duration of visual transect survey for calibration would depend on 
exactly where this part of the survey programme was to be conducted. 

 Placement of C-PODs: After inter-calibration of acoustic and visual data to 
support generation of an accurate estimate of finless porpoises by the C-PODs, 
the second aspect of the programme shall involve placement of these devices 
within and just outside the wind farm area (for example, Teilmann et al., 2006).  
As Porpoise clicks are substantially above 100 kHz in frequency, not very loud 
(Goold and Jefferson, 2002) the detection distance is likely to be on the order 
of low 100’s of meters from the bottom-mounted C-PODs. This will influence 
the number and configuration of C-PODs deployed, with exact details of the 
number and positioning of the devices to be presented in the MEMP. 

The C-PODs deployed will need to be serviced every three to four months to 
download accumulated data and replace batteries. It is proposed that the C-
PODs be installed after installation of the turbines when security from trawling 
damage / loss can be afforded, and for a sufficient period of time to obtain a 
robust record of marine mammal usage of the area, especially due to the great 
inter-seasonal and inter-year differences already known for finless porpoises. 

6.10.1.8 The MEMP shall detail the integrated monitoring requirements associated with 
pelagic ecology, benthic ecology and fisheries resources within the Project area, 
and development and implementation of the MEMP shall form a condition of the 
Environmental Permit. 

6.10.2 Water Quality Monitoring 

6.10.2.1 Focussed water quality monitoring shall be conducted at Junk Bay to monitor levels 
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of suspended sediment from marine dredging activities. Details are provided in the 
EM&A Manual. 

6.11 Conclusions & Recommendations  

6.11.1.1 A comparison of marine mammal distribution between HKSAR waters and Eastern 
Waters, it is evident that the waters of the proposed wind farm are not frequented 
by Indo-Pacific hump-backed dolphins and are only lightly utilized by finless 
porpoises – with this species preferring more sheltered coastal waters around the 
Ninepins and Po Toi islands.   Given this low usage of the Study Area and the 
preferred construction method, no adverse long-term impacts are anticipated 
during construction and no mitigation measures are proposed.  Nevertheless, 
monitoring of marine mammals over a suitable period of time is recommended in 
order to be able to detect overall changes in use of the area. 

6.11.1.2 Quantitative assessment predicts either no or only a marginal increase in 
suspended sediment above baseline levels at most locations.  Although the worst-
case assessment scenario of concurrent marine dredging and jetting at Junk Bay is 
predicted to result in elevated sediment levels at the reef fish community at Fat 
Tong Chau, levels are still significantly below the WQO criteria. 

6.11.1.3 A review of potential noise impacts has been completed, and this does not suggest 
any adverse impacts from marine vessel activity during Project construction or 
operation, or from underwater turbine noise.  Adverse impacts from the 
electromagnetic field are not anticipated. 

6.11.1.4 The Project offers the opportunity for artificial reef development, with the presence 
of the foundations possibly attracting fish.  Over time the establishment of epifauna 
on foundation structures is expected to support a more diverse reef habitat.  
Combined with restrictions on trawling and other marine traffic activity, the Project 
has the potential to generate a net positive impact. 
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7 Avifauna 

7.1 Introduction 

7.1.1.1 This section presents the approach to and the findings of the ecological impact 
assessment of avifauna. The aim of the ecological impact assessment is to 
examine the avifauna and other components of the ecological habitats within the 
assessment area in order to protect, maintain or rehabilitate the natural 
environment. Special attention shall be paid to avoid impacts on wildlife groups or 
habitats / species with conservation interests including but not limited to migratory 
birds, breeding visitors and uncommon resident species. 

7.1.1.2 There is extensive literature on the potential and actual effects that wind farms 
have on birds (e.g. Percival, 2003; Drewitt & Langston, 2006; Langston & Pullan, 
2006).  The construction and operation of commercial scale wind farms onshore or 
offshore has been found to produce a variety of effects including: 

 Loss of habitats or particular foraging areas; 

 Presenting a barrier to bird movement; 

 Displacing birds from the area; 

 Adversely affecting birds’ feeding grounds or food sources; 

 Presenting a collision risk to birds. 
 

7.1.1.3 The assessment shall identify and quantify the potential ecological impacts to the 
natural environment and the associated wildlife groups and habitats / species 
arising from the proposed Project including its construction and operation phases 
as well as the subsequent management and maintenance of the proposed 
development. The assessment has been conducted for installation of 67 nos. of 
3MW turbines (Scenario A) and also for 40 nos. of 5MW turbines (Scenario B). 

7.1.1.4 For the purpose of the avifauna impact assessment, the Study Area includes the 
wind farm area and its surroundings to a varying extent, depending on the specific 
elements being considered. These areas are defined as follows: 

 Desktop Study Area: the circled area as displayed in Figure 7.1 to cover the 
sea area within approximately 20km radius from the centre of the proposed 
wind farm.  

 Field Survey Area: covering the wind farm area and an adjacent area of 
approximately 130km2 for both Scenarios, as displayed in Figure 7.2 and 
Figure 7.3 respectively. 

 Assessment Area(s): the wind farm area plus additional 0.5km, 1km or 2km 
buffers for both scenarios, as displayed in Figure 7.4 and Figure 7.5 
respectively. 
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Figure 7.1 Desktop Study Area for Ecological Impact Assessment 

 

Figure 7.2 Field Survey Area for Avifauna Impact Assessment (Scenario A) 
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Figure 7.3 Field Survey Area for Avifauna Impact Assessment (Scenario B) 

 

Figure 7.4 The Impact Assessment Area(s) for Avifauna (Scenario A) 
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Figure 7.5 The Impact Assessment Area(s) for Avifauna (Scenario B) 

 

7.2 Objectives 

7.2.1.1 The aim of the avifauna impact assessment is to consider all potential impacts 
upon resident and migratory bird species and their habitats from the construction 
and operation of the proposed Project. In this regard the duration and focus of the 
baseline surveys was expanded beyond the scope of the EIA Study Brief. 

7.2.1.2 Specific objectives of the assessment include: 

 Collect information from desktop study and field surveys to establish an 
ecological baseline for the assessment area. The field surveys include both 
resident and migratory birds and covered a 20-month period; 

 Identify and predict potential ecological impacts during construction and 
operation of the proposed development; 

 Evaluate the significance and acceptability of the identified impacts; 

 Recommend effective and practicable alternatives and mitigation measures; 

 Recommend the need for and the scope of an appropriate monitoring and 
audit programme. 
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7.3 Legislation, Standards & Guidelines 

7.3.1.1 Reference shall be made to local legislation governing flora, fauna and habitat 
conservation. Directly relevant legislation includes: 

7.3.1.2 Wild Animals Protection Ordinance (Cap. 170) provides for the protection of 
species listed in ' Schedule 2 ' of the Ordinance by prohibiting the disturbance, 
taking or removal of such animals, their nests and eggs. This Ordinance excludes 
fish and marine invertebrates, but does allow for the protection of all marine 
mammals found in Hong Kong waters. 

7.3.1.3 Protection of Endangered Species of Animals and Plants Ordinance (Cap. 
586) gives effect in Hong Kong to the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora signed in Washington D.C. on 3 
March 1973; to regulate the import, introduction from the sea, export, re-export, 
and possession or control of certain endangered species of animals and plants 
and parts and derivatives of those species; and to provide for incidental and 
connected matters. 

7.3.1.4 Regionally / internationally protected species: such as those species listed in the 
following: 

 International Union for Conservation of Nature and Natural Resources 
(IUCN) Red Data Book; 

 Convention on International Trade in Endangered Species (CITES); 

 List of National Key Protected Species in the Mainland PRC; and / or 

 Species considered sensitive and / or of local / regional / international 
conservation concerns by published literature. 

 

7.3.1.5 EIA -TM (Annexes 8 and 16); and EIAO Guidance Notes No. 6, No. 7 and No. 11. 

7.4 Assessment Approach 

7.4.1 Desk-top Study Information Sources 

7.4.1.1 A desktop study has been conducted to review records of migratory and resident 
avifauna that currently or may potentially utilise the Study Area. The information 
and data sources under review include: 

 Pilot Project to Increase Awareness of the Ecological Importance of the 
Breeding Colonies of Terns in Hong Kong (ECF Project 23/2002) 
(Unpublished report; HKBWS, 2003); 
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 Seabird Migration Survey in Southern and South-eastern Hong Kong 
Waters, spring (HKBWS, 2006) (ECF Project 2005-10); 

 The Population and Breeding Ecology of White-bellied Sea-eagles in Hong 
Kong (Tsim et al, 2003); 

 2002 – 2007 Monitoring Data of White-bellied Sea Eagles in Hong Kong 
(Agriculture, Fisheries and Conservation Department (AFCD), unpublished 
data); 

 The Avifauna of Hong Kong (Carey et. al., 2001); 

 Tern Surveys conducted by HKBWS (unpublished data); 

 The Birds of Hong Kong and South China (Viney et. al., 2005). 
 

7.4.2 Approach for Conducting Field Surveys 

7.4.2.1 Additional / novel field surveys are necessary to supplement or to fill the 
information gap of the baseline conditions generated from desktop study. Several 
types of field surveys have been widely documented (e.g. Department for 
Environment, Food and Rural Affairs, 2005; SNH, 2005) and adopted (e.g. NERI, 
2000; Seascape Energy Ltd., 2002; Camphuysen, et al, 2004; RPS, 2006), 
including: 

 Boat-based Survey 

 Aerial Survey 

 Radar Survey 

7.4.2.2 Table 7.1 presents a summary of different types of bird surveys with regard to their 
documented advantages and limitations. 

Table 7.1 Summary of Boat-based Survey, Aerial Surveys and Radar 
Surveys with Regard to Advantages and Limitations 

Types of Surveys Advantages Limitations 

Boat-based Surveys  Most sensitive methods to detect 
obtrusive and low-flying birds; 

 Good in identifying birds to species 
level 

 Allow collection of behavioural 
information on birds such as 
(feeding, movements between 
roosts, flight heights), and more 
detailed information on bird 

 Poor in estimating total numbers 
for large population of birds; 

 Poor in terms of obtaining a 
snapshot of distribution at any one 
time; 
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Types of Surveys Advantages Limitations 

characters, e.g. age and sex. 

Aerial Surveys  Good in terms of obtaining a 
snapshot of distribution at any one 
time; 

 Allow surveys of large area at any 
one time; 

 Allow good estimate of relative 
abundance and densities for large 
population of birds across a 
seascape; 

 Poor in terms of identifying 
obtrusive or low-flying birds; 

 Poor in terms of identifying birds 
to species level; 

 Unable to provide detailed 
information such as behaviour, 
flight height or direction. 

Radar Surveys  Allow surveys during night time; 

 Allow quantification of marked 
passage movements by significantly 
large flocks of migrating or moving 
birds 

 Poor to provide information for 
bird identification; 

 Sensitive to human disturbance; 

 Only allow collection of 
information at fixed points. 

 

7.4.2.3 Based on the results of desk-top study as conducted under Sub-section 7.5, the 
most appropriate type of survey methodology has been selected to conduct the 
field survey as described under Sub-section 7.6. 

7.4.3 Collision Risk Impact Assessment & Evaluation 

Collision Risk Calculation 

7.4.3.1 Several collision risk models for wind farm birds have been developed in recent 
years. Among these models the Scottish Natural Heritage (SNH) bird collision risk 
model (Band et al, 2007) is regarded as generally robust and has been most 
frequently used for several years in Scotland and more recently in the rest of the 
UK (Madders and Whitfield, 2006).  This model has been adopted for this EIA 
Study as presented under Sub-section 7.8. 

7.4.3.2 Collision calculation is based on the worst-case wind farm configuration, being that 
with the largest blade pitch angle (relative to the rotor plane of the turbine), the 
smallest rotation period of turbines (the fastest speed of the blade), the maximum 
bird sizes, and the slowest flight speed of the bird obtained from available 
documentation or literature.  Table 7.2 displays the worst-case configuration for 
the two proposed turbine options. 
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Table 7.2 Configuration of the Proposed Turbine Options 

Variables Scenario A Scenario B 

Risk Area of the wind farm (WF + 1km) 34.2 km2 36.1 km2 

Rotor diameter 90 m 120 m 

Number of turbines 67 40 

Rotation period 3.33 seconds 4.96 seconds 

7.4.3.3 Collision risk calculations have been prepared for two behaviour scenarios: one 
extreme worst-case scenario that assumes birds take no action to avoid collision, 
and one recognizing that most birds do take avoiding action (Band et al, 2007).  
For the latter behavioural scenario a “conservative” 95% ‘avoidance factor’ has 
been applied as suggested by the SNH guidelines (http://www.snh.org.uk). 

7.4.3.4 Stage 1 of the model predicts the number of bird flying through rotors based on 
field observations. In Stage 2, the model predicts the probability (collision 
probability) of a bird to be hit by a wind farm turbine when it makes a transit 
through a rotor. Unlike Stage 1, the collision probability is independent of the 
abundance of birds (i.e. independent of field data) but depends only on the size of 
a bird (wingspan / bird length) and its flight speed. 

Number of Birds Flying Through Rotors (Stage 1) 

7.4.3.5 Under Stage 1 of the model, the amount of flight activity within the proposed wind 
farm site was quantified and expressed by the number of “bird transits” per season 
(as defined in sub-sections 7.6.1.9 to 7.6.1.11 the term “season” or “bird season” 
refer to particular periods to indicate occurrence of key bird population of concern 
within the Study Area, including migratory birds and breeding birds) within the rotor 
swept volume (Vr) as follow: 

1. Identify a ‘flight risk volume’ (Vw):  

This value was taken as the risk area of the wind farm multiplied by the rotor 
diameter. The risk area was taken as 34.2 km2 for Scenario A, which 
represents the wind farm area (approximately 15.7 km2) plus 1 km buffer. For 
Scenario B, the risk area taken as 36.1 km2, which represents the wind farm 
area (approximately 16.56 km2) plus 1 km buffer. 

2. Calculate the combined volume swept out by the wind farm rotors (Vr): 

Vr = N x πR2 x (d + l) where N is the number of wind turbines, d is the depth of 

the rotor back to front, and l is the length of the bird.  

3. Estimate the proportion (Pw) of the time that the species spent flying within the 
flight risk volume (Vw) in each bird season (this will be defined in the “Field 
Survey Methodology” under sub-section 7.6.1 below): 
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To allow the use of the model, the point count data obtained from the field 
survey were converted into time budget data for bird activity in the wind farm 
area under observation. The time budget (in “bird seconds”) for flight activity 
was predicted from the survey data collected at the five fixed-point count 
locations (P3 to P7) at the proposed wind farm. At each location, a circular 
“visible envelope” of 1km radius was defined by the sighting limit of the 
observer (assumed as up to 1km to sufficiently cover small birds).  

Except for raptors and birds in near-shore area, the majority of birds sighted in 
the offshore environment (the proposed wind farm site) were observed in 
straight flight. For a bird in straight flight within the visible envelope, the longest 
time for it to become lost from the observer would therefore be the time for it to 
travel 1km. To adopt the most conservative approach in data conversion for 
collision risk calculation, each single bird count from the five sampling locations 
was therefore expressed as the time (in terms of “bird seconds”) required for 
the bird species to travel 1km. 

The flight activity (Pw : proportion of time that a species spent flying within the 
“flight risk volume (Vw)”) was then taken as the bird seconds spent by the 
species within the risk area (taken as the wind farm area plus 1km buffer), 
divided by the duration of the survey (assuming a total of 2.5 hours at five 
locations per each survey trip). The value was then adjusted by multiplying by 
the overall proportion of the species that were observed flying at risk heights 
(>30m) to give the proportion Pw. 

4. Estimate the bird occupancy (nw) within the flight risk volume in each season/ 
survey period:  

nw = Pw x daily usage x site usage 

Daily usage by the bird was assumed as 7 hours per day (i.e. the average 
survey duration of the whole Study Area per trip, of which birds were assumed 
most active in the Study Area); and 

Site usage by the bird species was estimated from the duration of species that 
persisted in each bird season plus a 3-day buffer period from the starting and 
ending dates of the survey period. This was taken as the number of days 
between the first and the last calendar dates for which the species persisted in 
the study area plus 6 days (as a buffer period). 

5. Calculate the bird occupancy of the volume swept by the rotors (nr): 

nr  = nw x (Vr / Vw) (in bird seconds) 

6. Calculate the time (t) taken for a bird to make a transit through the rotor and 
completely clear the rotors: 

t = (d + l) / v where v m/s is the speed of the bird through the rotor 

7. Calculate the number of bird transits through the rotors: 

Number of birds transits through rotors = nr / t 

Collision Likelihood (Stage 2) 
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7.4.3.6 The probability of a bird flying through a rotor being hit depends on the size of the 
bird (both length and wingspan), the breadth and pitch of the turbine blades, the 
rotation speed of the turbine, and the speed of the bird.  Appendix 7B displays a 
sample of the spreadsheet containing calculations of the collision probabilities. 

Impact Evaluation 

7.4.3.7 A recognized assessment methodology developed by Scottish Cultural Heritage 
(SNH) and British Wind Energy Association (BWEA) (Percival et al, 1999; 2001) 
has been used for this Study. The assessment methodology considers bird issues 
not to be of significance if either of two positions are satisfied: 

 Where no important bird populations are identified in the vicinity of the 
proposed development, or 

 Where important bird populations have been identified but where there is 
substantive evidence that a significant impact will not occur. 

7.4.3.8 Given the recent development of offshore wind farms and a limited research base 
on how bird populations are affected by these developments the second position is  
difficult to achieve at this time.  Therefore, a precautionary approach should be 
considered to avoid important protected areas or populations of birds for any new 
offshore developments.  The assessment methodology developed by SNH and 
BWEA provides a framework (in a form of cross-tabulation matrix as presented in 
Table 7.5) to indicate significance of impact of offshore wind farm development on 
birds by giving priority to species / populations of high sensitivity in rating impact 
significance. 

7.4.3.9 The assessment approach consists of three stages: 

1. Determination of the sensitivity of the feature potentially affected (Table 7.3) 
2. Determination of magnitude of effects on birds (Table 7.4) 
3. Assessing the significance of the potential impacts by using cross-tabulation of 

“Sensitivity” and “Magnitude” (Table 7.5) 

Table 7.3 Determination of Ornithological Significance 

Sensitivity Determination Factor 

Very High Cited interest of Special Protection Areas (SPAs) (strictly protected sites 
classified under the Bird Directive in UK. Cited means mentioned in the 
citation text for the site as a species for which the site is designated or 
notified. 

In Hong Kong, since there is no designated areas particularly for 
protection of birds, areas designated as the Sites of Special Scientific 
Interests (SSSIs) in regard of their ornithological importance are 
considered of “Very High” sensitivity to potential wind farm impacts in this 
study. 
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Sensitivity Determination Factor 

High Other species that contribute to the integrity of a designated area for 
conservation. Local population of more than 1% of the national 
population of a species. 

Ecologically sensitive species, e.g. Accipitridae raptors and Sternidae 
terns (Langston & Pullan, 2006) 

Medium Regionally important population of a species, either because of 
population size or distributional context. 

Low Any other species of conservation interest not covered above. 

 

Table 7.4 Determination of Magnitude of Effects on Birds 

Magnitude Definition 

Very High Total loss or very major alternation to key elements/ features of baseline conditions 
such that post development character/ composition/ attributes will be fundamentally 
changed and may be lost from the site altogether. 

Guide: >80% of population / habitat loss 

High Major alternation to key elements/ features of the baseline (pre-development) 
conditions such that post development character/ composition/ attributes will be 
fundamentally changed. 

Guide: 20 – 80% of population/ habitat loss 

Medium Loss or alternation to one or more key elements/ features of the baseline 
conditions such that post development character/ composition/ attributes of 
baseline will be partially changed. 

Guide: 5 – 20% of population/ habitat loss 

Low Minor shift away from baseline conditions. Change arising from the loss/ alternation 
will be discernible but underlying character/ composition/ attributes of baseline 
condition will be similar to pre-development circumstances/ patterns. 

Guide: 1 – 5% of population/ habitat loss 

Negligible Very slight change from baseline condition. Change barely distinguishable, 
approximating to the “no change” situation. 

Guide: <1% of population/ habitat loss 
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Table 7.5 Matrix of Magnitude and Sensitivity for Determination of Impact 
Significance 

Sensitivity 

 Very High High Medium Low 

Very High Very High Very High High Medium 

High Very High Very High Medium Low 

Medium Very High High Low Very Low 

Low Medium Low Low Very Low 

M
ag

n
it

u
d

e 

Negligible Low Very Low Very Low Very Low 

7.5 Baseline Conditions and Sensitive Receivers – Desktop Study 

7.5.1 Migratory and Visitor Seabird Populations 

7.5.1.1 The most updated published checklist of Hong Kong avifauna, “The Avifauna of 
Hong Kong” (Carey et al, 2001) documents a total of 41 seabird species recorded 
in Hong Kong, of which 40 species belong to seasonal passage migrants or 
visitors. The most latest seabird survey (HKBWS, 2006) conducted by the Hong 
Kong Bird Watching Society (HKBWS) identifies two additional migratory seabird 
species, Parasitic Jaeger Stercorarius parasiticus and Short-tailed Shearwater 
Puffinus tenuirostris in the southern and south-eastern Hong Kong waters. 

7.5.1.2 There are also three seabird species recently recorded in Hong Kong Waters: 
Vega Gull Larus vegae in Mai Po; Japanese Cormorant Phalacrocorax capillatus 
at Po Toi Island; White-tailed Tropicbird Phaethon lepturus at Southern waters of 
Waglan Island and also at SE waters during a seabird boat trip conducted by 
HKBWS in May 2008. 

7.5.1.3 Table 7.6 summarises all these 45 migratory / visitor seabird species that have 
been recorded in Hong Kong waters so far. 
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Table 7.6 Migratory and Visitor Seabird Species in Hong Kong 

Seabirds Principal Status* Recorded in E / SE Waters?

Family Alcidae (Auks)   

Ancient Murrelet Synthliboramplus antiquus W Yes 

Family Fregatidae (Frigatebirds)   

Christmas Island Frigatebird Fregata andrewsi - No 

Lesser Frigatebird Fregata ariel OV Yes 

Great Frigatebird Fregata minor - Yes 

Family Laridae (Gulls)   

Brown-headed Gull Larus brunnicephalus W, M No 

Mew Gull Larus canus M No 

Yellow-legged Gull Larus cachinnans W, M Yes 

Black-tailed Gull Larus crassirostris W, M Yes 

Slender-billed Gull Larus genei - No 

Glaucous-winged Gull Larus glaucescens M No 

Heuglin’s Gull Larus heuglini W, M Yes 

Glaucous Gull Larus hyperboreus - No 

Pallas’s Gull Larus ichthyaetus W, M Yes 

Little Gull Larus minutus - No 

Relict Gull Larus relictus - No 

Black-headed Gull Larus ridibundus W, M No 

Saunders’s Gull Larus saundersi W, M No 

Slaty-backed Gull Larus schistisagus W, M Yes 

Vega Gull Larus vegae - No 

Black-legged Kittiwake Rissa tridactyla - No 

Family Pelecanidae (Pelicans)   

Dalmatian Pelican Pelecanus crispus W No 

Family Phaethontidae (Tropicbirds)   

White-tailed Tropicbird Phaethon lepturus - Yes 

Family Phalacrocoracidae (Cormorants)   

Japanese Cormorant Phalacrocorax capillatus - Yes 

Great Cormorant Phalacrocorax carbo W No 

Family Procellariidae (Shearwaters)   
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Seabirds Principal Status* Recorded in E / SE Waters?

Streaked Shearwater Calonectris leucomelas - Yes 

Short-tailed Shearwater Puffinus tenuirostris - Yes 

Family Scolopacidae (Sandpipers)   

Red Phalarope Phalaropus fulicarius - No 

Red-necked Phalarope Phalaropus lobatus M Yes 

Family Sternidae (Terns)   

Whiskered Tern Chlidonias hybridus M Yes 

White-winged Tern Chlidonias leucopterus M Yes 

Aleutian Tern Sterna aleutica AM Yes 

Bridled Tern Sterna anaethetus Su, M Yes 

Gull-billed Tern Sterna nilotica M Yes 

Caspian Tern Sterna caspia M Yes 

Common Tern Sterna hirundo M Yes 

Roseate Tern Sterna dougallii Su Yes 

Black-naped Tern Sterna sumatrana Su Yes 

Sooty Tern Sterna fuscata - Yes 

Little Tern Sterna albifrons M Yes 

Greater Crested Tern Strena bergii - Yes 

Family Stercorariidae (Jaegers and Jaegers)   

Long-tailed Jaeger Stercorarius longicaudus SpM Yes 

Parasitic Jaeger Stercorarius parasiticus - Yes 

Pomarine Jaeger Stercorarius pomarinus - Yes 

Family Sulidae (Boobies)   

Brown Booby Sula leucogaster - No 

Red-footed Booby Sula sula - Yes 

*Notes: M: passage migrant; AM; passage migrant in autumn; SpM: passage migrant in spring; Su: 
summer visitor; W: winter visitor; OV: occasional visitor, “-”: no information available. 

 

7.5.1.4 Of these 45 migratory and/or visitor seabird species, 29 species have been 
recorded from the eastern or the south-eastern waters of Hong Kong. 
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7.5.1.5 The seabird survey conducted by HKBWS in spring 2006 covered the main 
migration path of seabirds in Hong Kong during spring migration period (March –
May), as displayed in Figure 7.6. The survey recorded a total of 8,750 seabird 
individuals from 23 species on 22 survey days, as summarised in Table 7.7. The 
daily counts of seabirds ranged from 61 to 969 (HKBWS, 2006).  

Figure 7.6 Survey Route of the Seabird Migration Survey in S and SE Hong 
Kong Waters in Spring 2006 Conducted by HKBWS (HKWBS, 
2006) 

 
 

Table 7.7 Summary of Numbers of Seabirds Recorded in HKBWS Seabird 
Survey in Spring 2006 (HKWBS, 2006) 

Seabirds Number % of Total 

Family Alcidae (Auks)   

Ancient Murrelet Synthliboramplus antiquus 3 0.03 

Sub-total 3 0.03 

Family Laridae (Gulls)   

Yellow-legged Gull Larus cachinnans 2 0.02 

Black-tailed Gull Larus crassirostris 2 0.02 

Heuglin’s Gull Larus heuglini 158 1.81 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 7 - Page 16 
 

 

Seabirds Number % of Total 

Slaty-backed Gull Larus schistisagus 1 0.01 

Unidentified Gull Larus sp. 8 0.09 

Sub-total 171 1.95 

Family Procellariidae (Shearwaters)   

Streaked Shearwater Calonectris leucomelas 52 0.59 

Short-tailed Shearwater Puffinus tenuirostris 15 0.17 

Unidentified Shearwater Puffinus sp. 3 0.03 

Sub-total 70 0.80 

Family Scolopacidae (Sandpipers)   

Red-necked Phalarope Phalaropus lobatus 6618 75.63 

Sub-total 6618 75.63 

Family Sternidae (Terns)   

Whiskered Tern Chlidonias hybridus 6 0.07 

White-winged Tern Chlidonias leucopterus 754 8.61 

Aleutian Tern Sterna aleutica 200 2.28 

Bridled Tern Sterna anaethetus 55 0.63 

Gull-billed Tern Sterna nilotica 5 0.06 

Caspian Tern Sterna caspia 4 0.05 

Common Tern Sterna hirundo 212 2.42 

Roseate Tern Sterna dougallii 2 0.02 

Black-naped Tern Sterna sumatrana 258 2.95 

Sooty Tern Sterna fuscata 1 0.01 

Little Tern Sterna albifrons 1 0.01 

Greater Crested Tern Strena bergii 10 0.11 

Unidentified Tern Chlidonias sp. / Sterna sp. 219 2.50 

Sub-total 1727 19.73 

Family Stercorariidae (Jaegers and Jaegers)   

Long-tailed Jaeger Stercorarius longicaudus 113 1.29 

Parasitic Jaeger Stercorarius parasiticus 13 0.15 

Pomarine Jaeger Stercorarius pomarinus 17 0.19 

Unidentified Jaeger Sterocrarius sp. 18 0.21 

Sub-total 161 1.84 
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7.5.2 Breeding Seabird Populations 

7.5.2.1 Of the documented 45 migratory and / or visiting seabird species in Hong Kong 
referred in Table 7.6, only the Black-naped Tern Sterna sumatrana, the Bridled 
Tern Sterna anaethetus and the Roseate Tern Sterna dougallii are reported as 
breeding visitors. These terns are pelagic, and only move to land during breeding 
summers. Black-naped Tern was first reported breeding in 1983, with both 
Roseate Tern and Bridled Tern reported breeding in 1985. 

7.5.2.2 Since these earliest records summer breeding colonies of all the three tern 
species have been recorded at offshore islands Waglan Island, East Ninepin and 
Kong Tau Pai (Carey et al, 2001) as displayed by Figure 7.7, although terns have 
not been recorded at East Ninepin since 1997. 

Figure 7.7 Breeding Tern Colonies Documented in SE Waters of Hong 
Kong  

 
 

7.5.2.3 Table 7.8 summarises the data collected by HKBWS between 1993 – 1997 on the 
minimum number of adults and fledged juveniles of the three breeding tern 
species at the East Ninepin. 
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Table 7.8 Minimum Number of Adults and Fledged Juveniles of Black-
naped Tern Sterna sumatrana, Bridled Tern Sterna anaethetus, 
and Roseate Tern Sterna dougallii recorded between 1993 – 
1997 at the East Ninepin by HKBWS (Carey et al, 2001 

Black-naped Tern Bridled Tern Roseate Tern 

Year 

Adult Juvenile Adult Juvenile Adult Juvenile 

1993 80 10 8 0 40 4 

1994 85 1 1 0 46 0 

1995 35 2 0 0 3 0 

1996 10 0 0 0 0 0 

1997 0 0 0 0 0 0 

 

7.5.2.4 In 2003, a government-funded project was conducted by HKBWS, namely “Pilot 
Project to Increase Awareness of the Ecological Importance of the Breeding 
Colonies of Terns in Hong Kong (ECF Project 23/2002)”. It was estimated in the 
study that Bridled Tern was the most abundant breeding tern species, with over 
500 birds recorded during summer 2003.  The breeding population for Black-
naped Tern was estimated to exceed 200 birds, while Roseate Tern was 
estimated to range from 32 to 60 birds in summer 2003. The total population of 
breeding terns in Hong Kong during summer 2003 was estimated to be between 
approximately 740 and 820 birds (HKBWS, 2003).  

7.5.2.5 The study also first identified breeding tern colonies on Waglan Island and Kong 
Tau Pai. The breeding tern colony on Waglan Island consisted of more than 200 
terns including all three breeding tern species, and was the second largest 
breeding tern colony in Hong Kong waters (second to the population at Shek Ngau 
Chau in NE waters). For Kong Tau Pai, more than 40 breeding Black-naped Terns 
were found (HKBWS, 2003). 

7.5.2.6 Although there has been no formally published data on breeding terns in Hong 
Kong since 2003, summer breeding tern surveys conducted by HKBWS are still 
on-going. Available results of the tern surveys from the online discussion forum of 
HKBWS’s website (http://www.hkbws.org.hk, retrieved in 2007) are extracted and 
summarised in Table 7.9 below. 
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Table 7.9 Available Results of On-going Breeding Tern Surveys in SE 
Waters of Hong Kong Conducted by HKBWS (Extracted from 
HKBWS's website) 

Black-naped Tern Bridled Tern Roseate Tern 

Date 

Adult Juvenile Adult Juvenile Adult Juvenile 

22 Jul 05 130 uncertain 13 uncertain 8 uncertain 

11 Jul 06 174 uncertain 67 uncertain 10 uncertain 

21 Jul 06 174 10 39 1 53 uncertain 

 

7.5.3 Resident Populations 

7.5.3.1 White-bellied Sea Eagle (WBSE), Haliaeetus leucogaster, belongs to the Family 
Accipitridae, is one of the ten fish eagle species in the world (ECA, 2007). WBSEs 
are monotypic species that inhabit coastal areas and offshore islands. Juveniles of 
WBSEs are dispersive, while breeding pairs tend to be more sedentary within their 
own territories. Nests of WBSEs are usually found on tall trees or on remote 
coastal cliffs (Tsim et al., 2003). 

7.5.3.2 WBSE has a world distribution from western India through SE Asia to Australia 
(Ferguson-Lees & Christie, 2005). In Mainland China, WBSE is resident in 
Guangdong, southern Fujian, and occasionally occurs in Jiangsu and Hainan 
(Cheng, 1987). 

7.5.3.3 Although the conservation status of WBSE is determined as “Least Concern (LC)” 
in accordance with the “The IUCN Red List Categories and Criteria (2001 
Categories and Criteria (Version 3.1))” (IUCN, 2008), it is listed under the 
Protection of Endangered Species of Animals and Plants Ordinance (Cap. 586), 
and in Appendix II of the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES). It is also considered “uncommon 
resident” in the AFCD biodiversity database and highly sensitive to human 
disturbance. It is also considered to have regional conservation concern by 
Fellowes et al (2002). 

7.5.3.4 An on-going monitoring programme of local WBSEs was first started in 2001 by 
AFCD to record local distribution and provides long-term monitoring of the species. 
A total 154 sighting records from 55 sighting locations were obtained from 
November 2001 to July 2007 (AFCD unpublished data). Figure 7.8 indicates the 
sighting locations of WBSE in Hong Kong. 

7.5.3.5 The most recent estimates from confirmed sighting records up to 2003 suggest 
that there are possibly 39 WBSEs in Hong Kong, including 23 adults and 16 
immature / juveniles (Tsim et al., 2003), and a total of 8 confirmed nests / breeding 
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pairs. The most updated information (up to July 2007) from AFCD unpublished 
monitoring data show that the number of recorded breeding pairs increases from 8 
pairs in 2002/03 to 12 pairs in 2006/07.  

Figure 7.8 Locations of Sighting Records of WBSE from November 2001 to 
July 2007 (AFCD unpublished data) 

 
 

7.5.3.6 The locations of sighting records suggest that the eastern and southern waters of 
Hong Kong generally support more WBSEs than the western waters. 

7.5.3.7 A total of 7 breeding nests have been reported in SE waters that fall within the 
Study Area of the proposed wind farm, as displayed in Figures 7.9 and 7.10.  Of 
these locations, Ninepin Islands, Wang Chau and Steep Island are the closest 
breeding locations to the proposed wind farm (approximately 5.5 km, 5.2 km and 
8.3 km from the proposed wind farm for Scenario A respectively, and 
approximately 5.6 km, 5.2 km and 8.1 km from the proposed wind farm for 
Scenario B, respectively).  Surveys of these 7 breeding nest locations have been 
conducted by AFCD since 2002, and the results are summarised in Table 7.10.   

7.5.3.8 A study on foraging behaviour of two breeding pairs of WBSE at Yeung Chau (Sai 
Kung) (during incubation period) and Tai Ngam Hau (during chick-rearing period) 
was conducted by AFCD between 2001 and 2003. Observations of the foraging 
pairs at Yeung Chau and Tai Ngam Hau suggest that the breeding WBSEs 
foraged most frequently between 7a.m. and 11a.m., and between 3p.m. and 7p.m., 
with the peak foraging time between 5p.m. and 7p.m. Foraging range of the 
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breeding pairs ranged from 0.05km to 2km in radius, while their home range were 
estimated to be 3 – 4km during breeding period. More foraging attempts were 
recorded during the chick-rearing period (Tsim et al., 2003). 

Figure 7.9 WBSE Nest Locations in SE Waters of Hong Kong (Scenario A) 

 

Source: AFCD unpublished data 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 7 - Page 22 
 

 

Figure 7.10 WBSE Nest Locations in SE Waters of Hong Kong (Scenario B) 

 

Source: AFCD unpublished data 
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Table 7.10 Summary of the Results of WBSE Breeding Site Survey in SE 
Waters Between 2002/03 and 2006/07 (AFCD unpublished data) 

Year 

Surveyed Site 

2002/03 2003/04 2004/05 2005/06 2006/07 

Ninepin Island U U S(P) U X 

Steep Island U U U X X 

Tai Ngam Hau S(2) S(2) S(1) S(2) S(2) 

Tsim Chau S(1) U F(P) F S(1) 

Tsang Pang Kok U U U S(1) F 

Yeung Chau (Sai Kung) F F F F F 

Wang Chau U U U U S(1) 

Notes:  

S(1): Success – Bred successfully; (1) – Number of fledglings; 
S(P): Probably success – No fledgling seen; judgment based on observation on adult’s 

behaviour, e.g. bringing food back to the nest; 
F: Fail – Adults abandoned the nest during breeding period; or abnormal breeding 

behaviour, e.g. prolonged incubating period; 
F(P): Probably fail – None of fledgling nor feeding behaviour were observed. But the breeding 

pair stayed at the nesting site for the whole breeding period; 
X: No nest – either because the pair didn’t attempt breeding or no WBSE inhabit the site 

during breeding season; 
U: Uncertain – Insufficient data. 

7.5.3.9 A study on post-release monitoring of two immature White-bellied Sea Eagles after 
rehabilitation jointly conducted by Kadoorie Farm and Botanic Garden (KFBG) and 
Agriculture, Fisheries and Conservation Department (AFCD) in 2002 (Griffiths and 
Tsim, 2004) by use of radio transmitters showed that both immature birds were 
able to fly well and establish their territory ranges within very short period of time 
after release (< 1 month).  The radio-tracking results suggested that all recorded 
positions of the two immature WBSEs were all confined to near-shore coastal 
areas, within approximately 2.5km from the nearest shore. 

7.5.4 Conclusion of Desktop Study 

7.5.4.1 A desktop study has been conducted to cover the sea area (as displayed in Figure 
7.1) within 20km radius from the centre of the proposed wind farm site. Although 
there are no designated areas for conservation of avifauna within the desktop 
Study Area, general seabird populations within the area including passage 
migrants, visitor breeders and the resident coastal bird populations have been 
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identified and reviewed. Ecological profiles of key species have been established 
based on available information on distribution, abundance, breeding and foraging 
behaviour. 

7.5.4.2 Results of the desktop study suggest that approximately 2/3 (or 29 out of the total 
45) of migratory seabird species in Hong Kong occur in SE waters. Among the 
migratory and visitor seabird species, only three tern species, including Black-
naped Tern, Bridled Tern and Roseate Tern breed in Hong Kong during summers. 
Breeding colonies of the three tern species have been recorded at offshore islets 
(Kong Tau Pai, the East Ninepin, and Waglan Island) in the SE waters. 

7.5.4.3 White-bellied Sea Eagle (WBSE), the resident coastal raptor in Hong Kong, also 
occurs within the desktop Study Area. Review of confirmed sighting records and 
nesting locations suggests that the SE waters generally support more WBSEs 
than other parts of Hong Kong. A total of 7 nesting locations have been recorded 
within the SE waters (the desktop Study Area) of Hong Kong. 

7.6 Baseline Conditions and Sensitive Receivers – Field Surveys 

7.6.1 Field Survey Methodologies 

7.6.1.1 Based on the results of desktop study, boat-based field survey was proposed for 
use in this study based on the following considerations: 

 Abundance of existing birds within the Study Area are predicted to be low: 
Daily bird counts covering the majority of seabird population in S and SE HK 
waters ranged from 61 – 969 (HKBWS, 2006). The numbers are far too low 
compared to those obtained in other wind farm studies (e.g. NERI, 2000; 
RPS, 2006). Boat-based surveys would be the most cost-effective approach 
for quantifying birds of low abundance. 

 Most seabirds are of low flight altitude: the results of the HKBWS 2006 
seabird study showed that more than 96% of the observed birds belong to 
terns (~20%), the sandpiper, Red-necked Phalarope (~76%), and 
shearwaters, (~1%), which usually fly at low altitudes or near water surface. 

 Absence of marked passage movements of migrating / moving birds: No 
moving flocks of birds of significant size or marked passage of moving / 
migration birds have been identified in the Study Area from previous 
surveys / studies. Instead, all migratory / moving birds in Hong Kong 
offshore area were found to occur individually or in small groups of several 
birds from previous records. 

 

7.6.1.2 A fixed transect route for daytime bird survey (approximately 7 hours per each 
survey day) has been designed to cover the proposed wind farm and the adjacent 
area. The transect route covers Tathong Channel and offshore islets that are 
confirmed or susceptible nesting ground for breeding terns and WBSE. The 
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transect route overlaid with the proposed wind farm layout for both Scenario A and 
Scenario B turbine options are displayed in Figure 7.11 and Figure 7.12 
respectively. 

7.6.1.3 In order to avoid missing birds in key areas and to allow estimation of population 
sizes of breeding colonies, fixed-point counts were conducted at a total of 9 fixed 
survey points, including P1 to P8, and Kong Tau Pai. Point count locations have 
been selected to cover the project area of concern (i.e., all four corners and the 
centre of the wind farm site area) and four coastal locations from which bird flights 
would originate / breeding activity would be centred. 

7.6.1.4 For P1 to P8, fixed-point counts were conducted for 30 minutes at each of the 
points. For Kong Tau Pai, the known current breeding location in the SE waters for 
terns, point-counts were performed until all terns (including adults and juveniles) 
on the islet were counted and recorded. 

Figure 7.11 Fixed Transect Route for Boat-based Survey (Scenario A) 
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Figure 7.12 Transect Route for Boat-based Survey (Scenario B) 

 

7.6.1.5 All boat-based surveys were conducted by a professional ornithologist, with the 
best experience in coastal and seabird survey in the HKSAR and with specific 
survey experience in the Study Area.  Additional staff support, including support 
for breeding bird point counts, was provided as appropriate, depending on sighting 
frequency. 

7.6.1.6 The boat-based survey involved scanning on both sides of the boat by the 
observer to ensure no under-counting. For each bird sighting, the position of the 
observer was recorded using a GPS navigator. An estimate of the distance of bird 
from observer was made and aided by the use of a range finder to allow the 
analysis of bird distribution across environmental gradients (e.g. distance 
gradients away from the proposed wind farm). 

7.6.1.7 For all bird sightings along the transect route, information including species identity, 
number of individuals, behaviour (e.g. at flight or foraging), height and direction of 
flight, maturity of the birds (adult / juvenile), and whether or not the birds fly 
through the Wind farm area was recorded. 

7.6.1.8 All the bird surveys were conducted at daytime with good weather conditions (e.g. 
at Beaufort scale <5), to enable the best visibility and observer efficiency, and 
hence data reliability. 
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7.6.1.9 Survey duration / periods were defined and represented by four “bird seasons” 
according to the general understanding of occurrence of various types of seabirds 
or bird population across the SE waters of Hong Kong: Spring Migratory Period 
(March – mid June), Summer Breeding Period for terns (mid June – August), 
Autumn Migratory Period (September – November), and the Winter Period 
(December – February) for some winter breeders such as the WBSE. 

7.6.1.10 Boat-based surveys were conducted more frequently during migratory periods 
when observation opportunities of birds offshore were expected to be greatest. 
The following frequency was basically followed as far as practicable: 

 Spring Migratory Period 2006 (May – mid June 2006) [Frequency: 2x /week] 

 Summer Breeding Period 2006 (mid June – August 2006) [Frequency: 2x 
/month] 

 Winter Period 2006 - 2007 (December 2006 – February 2007) [Frequency: 
2x /month] 

 Spring Migratory Period 2007 (March – May 2007) [Frequency: 2x /week] 

 Summer Breeding Period 2007 (August 2007) [Frequency: 1x /week] 

 Autumn Migratory Period 2007 (September – November 2007) [Frequency: 
1x / week] 

 Winter Period 2007 (December 2007) [Frequency: 1x /week] 
 

7.6.1.11 The survey during the Spring Migratory Period in 2006 and 2007 was designed to 
cover spring migration of seabirds during the months March through May (HKBWS, 
2006). The Summer Breeding Period covered the breeding season of the three 
breeding terns in Hong Kong, while the Autumn Migratory Period (September – 
November) covered the autumn migration of seabirds from September through 
November. The Winter Period (December – February) aimed to cover the key 
breeding season for WBSE.  Less frequent surveys were conducted in 2007 than 
in 2006 for the summer breeding periods and the winter periods, as the 2007 
surveys only aimed to expand the scope of work beyond the EIA Study Brief by 
collecting additional data to supplement the primary findings of 2006 surveys.  
Table 7.11 summarises the dates (a total of 59 days) of boat-based surveys 
conducted between May 2006 and December 2007. 
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Table 7.11 Dates of Boat-based Surveys Undertaken in the Study Area 
Between May 2006 and December 2007. 

Survey Period Dates 

Spring Migratory Period 2006 2006 May: 23, 26, 30 

2006 June: 2, 5, 9, 12, 15 

Summer Breeding Period 2006 2006 July: 4, 18 

2006 August: 5, 19, 30 

Winter Period 2006 - 2007 2006 December: 23, 30 

2007 January: 12, 24 

2007 February: 8, 22 

Spring Migratory Period 2007 2007 March: 7, 10, 15, 16, 20, 26, 29 

2007 April: 2, 6, 10, 12, 16, 19, 23, 26, 30 

2007 May: 11, 12, 17, 22 

Summer Breeding Period 2007 2007 August: 16, 24, 30 

Autumn Migratory Period 2007 2007 September: 6, 13, 19, 27 

2007 October: 5, 11, 18, 25 

2007 November: 2, 10, 17, 24 

Winter Period 2007 2007 December: 1, 7, 15, 23, 29 

 

7.6.1.12 Except for the Autumn Migratory Period 2007 which generally covers a full 
“Autumn” period from September through November, other survey periods in 2006 
and 2007 cover different selective periods of a particular season. As such, for the 
collision risk presented in Sub-section 7.8 survey data from 2006 and 2007 has 
been pooled for the risk analysis on a ‘species per season’ basis. 
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7.6.2 Field Surveys Findings  

Abundance and Distribution 

7.6.2.1 Total counts for the whole survey period (between May 2006 and December 2007) 
are summarised in Table 7.12 and Table 7.13 for Scenario A and Scenario B, 
respectively. 

7.6.2.2 Peak daily counts for the whole survey period are summarised in Table 7.14 and 
Table 7.15 for Scenario A and Scenario B, respectively.  Appendix 7A presents 
details of each bird survey. 

Table 7.12 Total Counts of Bird Species Recorded during Boat-based 
Surveys within the Study Area (the proposed wind farm area 
(WF) with 0.5km, 1km and 2km buffers) for Scenario A 

Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Black Drongo Dicrurus 
macrocercus 

7 7 7 7 7 

Blue Rock Thrush Monticola 
solitarius 

0 0 0 0 1 

Chinese Bulbul Pycnontus 
sinensis 

0 0 0 0 6 

Collared Crow Corvus torquatus 0 0 0 0 1 

Crested Myna Acridotheres 
cristatellus 

0 0 0 0 20 

Dollarbird Eurystomus orientalis 0 0 0 0 1 

Large-billed Crow Corvus 
marcorhynchos 

0 0 0 0 3 

Oriental Turtle Dove Streptopelia 
orientalis 

0 0 0 0 3 

Yellow Wagtail Motacilla flava 0 5 5 8 8 

Passerines 

Yellow-bellied Prinia Prinia 
flaviventris 

0 0 0 0 1 

Black Kite Milvus migrans 0 3 4 6 615 

Bonelli’s Eagle Hieraaetus 
fasciatus 

0 0 0 0 1 

Chinese Goshawk Accipiter 
soloensis 

1 1 1 1 5 

Common Buzzard Buteo buteo 0 0 0 0 1 

Common Kestrel Falco 
tinnunculus 

0 0 0 0 2 

Eurasian Hobby Falco subbuteo 0 0 0 0 1 

Raptors 

Grey-faced Buzzard Butastur 
indicus 

0 0 0 0 1 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Osprey Pandion haliaetus 0 1 1 1 5 

Peregrine Falcon Falco 
peregrinus 

0 0 0 0 12 

Unidentified Raptor  0 0 0 1 1 
 

White-bellied Sea Eagle 
Haliaeetus leucogaster 

0 0 0 0 138 

Aleutian Tern Sterna aleutica 33 65 71 103 154 

Ancient Murrelet 
Synthliboramphus antiquus 

0 0 0 0 2 

Black-naped Tern Sterna 
sumatrana 

6 12 12 14 1048 

Black-tailed Gull Larus 
crassirostris 

28 37 38 40 48 

Bridled Tern Sterna anaethetus 89 191 222 246 883 

Common Tern Sterna hirundo 46 85 89 99 167 

Greater Crested Tern Sterna 
bergii 

0 2 2 2 3 

Heuglin’s Gull Larus heuglini 9 12 13 13 14 

Litter Tern Sterna albisfrons 1 2 2 2 2 

Long-tailed Jaeger Stercorarius 
longicaudus 

1 2 6 6 6 

Pomarine Jaeger Stercorarius 
pomarinus 

6 9 14 14 14 

Roseate Tern Sterna dougallii 0 6 7 7 181 

Short-tailed Shearwater Puffinus 
tenuirostris 

0 0 0 0 2 

Streaked Shearwater Calonectris 
leucomelas 

4 8 8 8 8 

Unidentified Gull Larus sp. 1 1 1 1 1 

Unidentified Jaeger Stercorarius 
sp. 

17 17 17 17 17 

Unidentified Tern Sterna sp. 20 25 33 48 87 

Seabirds 

White-winged Black Tern 
Chlidonias leucopterus 

 

43 72 74 80 126 

Barn Swallow Hirundo rustica 44 53 53 55 88 

Little Swift Apus affinis 1 2 2 3 48 

Pacific Swift Apus pacificus 0 0 0 0 230 
Swallows / 

Swifts 

Black-crowned Night Heron 
Nycticorax nycticorax 

0 0 0 0 1 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Cattle Egret Bubulcus ibis 
(coromandus) 

20 47 47 47 47 

Chinese Pond Heron Ardeola 
bacchus 

0 0 0 0 4 

Common Kingfisher Alcedo atthis 1 1 1 1 1 

Curlew Numenius arquata 
(orientalis) 

0 0 0 0 1 

Great Egret Egretta alba 0 0 0 0 1 

Greater Sand Plover Charadrius 
leschenaultii 

0 0 1 1 1 

Green Sandpiper Tringa 
ochropus 

0 1 1 1 1 

Grey Heron Ardea cinerea 11 12 12 12 12 

Little Egret Egretta garzetta 26 45 45 65 141 

Northern Shoveler Anas clypeata 10 10 10 10 10 

Pacific Golden Plover Pluvialis 
fulva 

3 3 3 5 5 

Pacific Reef Egret Egretta sacra 0 0 0 0 80 

Red Knot Calidris canutus 0 0 0 15 15 

Red-necked Phalarope 
Phalaropus lobatus 

128 243 247 283 722 

Ruddy Turnstone Arenaria 
interpres 

7 7 7 7 7 

Unidentified egret Egretta sp. 0 0 0 0 30 

Unidentified shore bird 0 12 12 12 12 

Whimbrel Numenius phaeopus 0 0 0 0 33 

White-breasted Kingfisher 
Halcyon smyrnnsis 

0 0 0 0 1 

Waders & 
Waterbirds 

Wood Sandpiper Tringa glareola 0 31 31 31 37 

Total 563 1030 1099 1272 5124 
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Table 7.13 Total Counts of Bird Species Recorded during Boat-based 
Surveys within the Study Area (the proposed wind farm area 
(WF) with 0.5km, 1km and 2km buffers) for Scenario B 

Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Black Drongo Dicrurus 
macrocercus 

7 7 7 7 7 

Blue Rock Thrush Monticola 
solitarius 

0 0 0 0 1 

Chinese Bulbul Pycnontus 
sinensis 

0 0 0 0 6 

Collared Crow Corvus torquatus 0 0 0 0 1 

Crested Myna Acridotheres 
cristatellus 

0 0 0 0 20 

Dollarbird Eurystomus orientalis 0 0 0 0 1 

Large-billed Crow Corvus 
marcorhynchos 

0 0 0 0 3 

Oriental Turtle Dove Streptopelia 
orientalis 

0 0 0 0 3 

Yellow Wagtail Motacilla flava 5 5 5 8 8 

Passerines 

Yellow-bellied Prinia Prinia 
flaviventris 

0 0 0 0 1 

Black Kite Milvus migrans 0 3 4 6 615 

Bonelli’s Eagle Hieraaetus 
fasciatus 

0 0 0 0 1 

Chinese Goshawk Accipiter 
soloensis 

1 1 1 1 5 

Common Buzzard Buteo buteo 0 0 0 0 1 

Common Kestrel Falco 
tinnunculus 

0 0 0 0 2 

Eurasian Hobby Falco subbuteo 0 0 0 0 1 

Grey-faced Buzzard Butastur 
indicus 

0 0 0 0 1 

Osprey Pandion haliaetus 0 1 1 1 5 

Peregrine Falcon Falco 
peregrinus 

0 0 0 0 12 

Unidentified Raptor  0 0 1 1 1 

Raptors 

 

White-bellied Sea Eagle 
Haliaeetus leucogaster 

0 0 0 0 138 

Aleutian Tern Sterna aleutica 36 69 71 103 154 

Seabirds 
Ancient Murrelet 
Synthliboramphus antiquus 

0 0 0 0 2 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Black-naped Tern Sterna 
sumatrana 

10 12 12 14 1048 

Black-tailed Gull Larus 
crassirostris 

22 37 38 40 48 

Bridled Tern Sterna anaethetus 119 197 224 246 883 

Common Tern Sterna hirundo 44 86 90 99 167 

Greater Crested Tern Sterna 
bergii 

0 2 2 2 3 

Heuglin’s Gull Larus heuglini 9 13 13 13 14 

Litter Tern Sterna albisfrons 1 2 2 2 2 

Long-tailed Jaeger Stercorarius 
longicaudus 

2 2 6 6 6 

Pomarine Jaeger Stercorarius 
pomarinus 

7 13 14 14 14 

Roseate Tern Sterna dougallii 0 6 7 7 181 

Short-tailed Shearwater Puffinus 
tenuirostris 

0 0 0 0 2 

Streaked Shearwater Calonectris 
leucomelas 

4 8 8 8 8 

Unidentified Gull Larus sp. 1 1 1 1 1 

Unidentified Jaeger Stercorarius 
sp. 

17 17 17 17 17 

Unidentified Tern Sterna sp. 21 28 30 48 87 

 

White-winged Black Tern 
Chlidonias leucopterus 

 

49 72 74 80 126 

Barn Swallow Hirundo rustica 46 53 53 55 88 

Little Swift Apus affinis 1 2 2 3 48 

Pacific Swift Apus pacificus 0 0 0 0 230 
Swallows / 

Swifts 

Black-crowned Night Heron 
Nycticorax nycticorax 

0 0 0 0 1 

Cattle Egret Bubulcus ibis 
(coromandus) 

29 47 47 47 47 

Chinese Pond Heron Ardeola 
bacchus 

0 0 0 0 4 

Common Kingfisher Alcedo atthis 1 1 1 1 1 

Curlew Numenius arquata 
(orientalis) 

0 0 0 0 1 

Waders & 
Waterbirds 

Great Egret Egretta alba 0 0 0 0 1 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Greater Sand Plover Charadrius 
leschenaultii 

0 0 1 1 1 

Green Sandpiper Tringa 
ochropus 

0 1 1 1 1 

Grey Heron Ardea cinerea 11 12 12 12 12 

Little Egret Egretta garzetta 30 45 45 65 141 

Northern Shoveler Anas clypeata 10 10 10 10 10 

Pacific Golden Plover Pluvialis 
fulva 

3 3 3 5 5 

Pacific Reef Egret Egretta sacra 0 0 0 0 80 

Red Knot Calidris canutus 0 0 0 15 15 

Red-necked Phalarope 
Phalaropus lobatus 

159 242 246 283 722 

Ruddy Turnstone Arenaria 
interpres 

7 7 7 7 7 

Unidentified egret Egretta sp. 0 0 0 0 30 

Unidentified shore bird 12 12 12 12 12 

Whimbrel Numenius phaeopus 0 0 0 0 33 

White-breasted Kingfisher 
Halcyon smyrnnsis 

0 0 0 0 1 

 

Wood Sandpiper Tringa glareola 30 31 31 31 37 

Total 694 1048 1099 1272 5124 
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Table 7.14 The Peak Daily Counts of Bird Species Recorded during Boat-
based Surveys within the Study Area (the proposed wind farm 
(WF) with 0.5km, 1km and 2km buffers) for Scenario A 

Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Black Drongo Dicrurus 
macrocercus 

7 7 7 7 7 

Blue Rock Thrush Monticola 
solitarius 

0 0 0 0 1 

Chinese Bulbul Pycnontus 
sinensis 

0 0 0 0 5 

Collared Crow Corvus torquatus 0 0 0 0 1 

Crested Myna Acridotheres 
cristatellus 

0 0 0 0 4 

Dollarbird Eurystomus orientalis 0 0 0 0 1 

Large-billed Crow Corvus 
marcorhynchos 

 

0 0 0 0 2 

Oriental Turtle Dove Streptopelia 
orientalis 

0 0 0 0 3 

Yellow Wagtail Motacilla flava 0 5 5 5 5 

Passerines 

 

Yellow-bellied Prinia Prinia 
flaviventris 

0 0 0 0 1 

Black Kite Milvus migrans 0 1 1 2 29 

Bonelli’s Eagle Hieraaetus 
fasciatus 

0 0 0 0 1 

Chinese Goshawk Accipiter 
soloensis 

1 1 1 1 4 

Common Buzzard Buteo buteo 0 0 0 0 1 

Common Kestrel Falco 
tinnunculus 

0 0 0 0 1 

Eurasian Hobby Falco subbuteo 0 0 0 0 1 

Grey-faced Buzzard Butastur 
indicus 

0 0 0 0 1 

Osprey Pandion haliaetus 0 1 1 1 1 

Peregrine Falcon Falco 
peregrinus 

0 0 0 0 3 

Unidentified Raptor  0 0 0 1 1 

Raptors 

 

White-bellied Sea Eagle 
Haliaeetus leucogaster 

0 0 0 0 11 

Seabirds Aleutian Tern Sterna aleutica 23 41 41 70 121 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Ancient Murrelet 
Synthliboramphus antiquus 

0 0 0 0 2 

Black-naped Tern Sterna 
sumatrana 

2 3 3 3 114 

Black-tailed Gull Larus 
crassirostris 

15 15 15 15 15 

Bridled Tern Sterna anaethetus 19 31 37 38 138 

Common Tern Sterna hirundo 8 19 19 25 48 

Greater Crested Tern Sterna 
bergii 

0 2 2 2 2 

Heuglin’s Gull Larus heuglini 5 5 5 5 5 

Litter Tern Sterna albisfrons 1 1 1 1 1 

Long-tailed Jaeger Stercorarius 
longicaudus 

1 1 3 3 3 

Pomarine Jaeger Stercorarius 
pomarinus 

5 6 10 10 10 

Roseate Tern Sterna dougallii 0 6 7 7 52 

Short-tailed Shearwater Puffinus 
tenuirostris 

0 0 0 0 1 

Streaked Shearwater Calonectris 
leucomelas 

2 4 4 4 4 

Unidentified Gull Larus sp. 1 1 1 1 1 

Unidentified Jaeger Stercorarius 
sp. 

16 16 16 16 16 

Unidentified Tern Sterna sp. 6 7 7 16 37 

White-winged Black Tern 
Chlidonias leucopterus 

 

22 39 39 39 48 

Barn Swallow Hirundo rustica 15 15 15 15 26 

Little Swift Apus affinis 1 1 1 2 17 

Pacific Swift Apus pacificus 0 0 0 0 32 
Swallows / 

Swifts 

Black-crowned Night Heron 
Nycticorax nycticorax 

0 0 0 0 1 

Cattle Egret Bubulcus ibis 
(coromandus) 

14 23 23 23 23 

Chinese Pond Heron Ardeola 
bacchus 

0 0 0 0 4 

Common Kingfisher Alcedo atthis 1 1 1 1 1 

Waders & 
Waterbirds 

Curlew Numenius arquata 
(orientalis) 

0 0 0 0 1 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 7 - Page 37 
 

 

Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Great Egret Egretta alba 0 0 0 0 1 

Greater Sand Plover Charadrius 
leschenaultii 

0 0 1 1 1 

Green Sandpiper Tringa 
ochropus 

0 1 1 1 1 

Grey Heron Ardea cinerea 11 12 12 12 12 

Little Egret Egretta garzetta 25 25 25 45 53 

Northern Shoveler Anas clypeata 9 9 9 9 9 

Pacific Golden Plover Pluvialis 
fulva 

3 3 3 3 3 

Pacific Reef Egret Egretta sacra 0 0 0 0 6 

Red Knot Calidris canutus 0 0 0 15 15 

Red-necked Phalarope 
Phalaropus lobatus 

50 82 82 92 224 

Ruddy Turnstone Arenaria 
interpres 

7 7 7 7 7 

Unidentified egret Egretta sp. 0 0 0 0 30 

Unidentified shore bird 0 12 12 12 12 

Whimbrel Numenius phaeopus 0 0 0 0 15 

White-breasted Kingfisher 
Halcyon smyrnnsis 

0 0 0 0 1 

Wood Sandpiper Tringa glareola 0 30 30 30 30 

Peak Daily Counts 60 103 110 121 325 
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Table 7.15 The Peak Daily Counts of Bird Species Recorded during Boat-
based Surveys within the Study Area (the proposed wind farm 
(WF) with 0.5km, 1km and 2km buffers) for Scenario B 

Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Black Drongo Dicrurus 
macrocercus 

7 7 7 7 7 

Blue Rock Thrush Monticola 
solitarius 

0 0 0 0 1 

Chinese Bulbul Pycnontus 
sinensis 

0 0 0 0 5 

Collared Crow Corvus torquatus 0 0 0 0 1 

Crested Myna Acridotheres 
cristatellus 

0 0 0 0 4 

Dollarbird Eurystomus orientalis 0 0 0 0 1 

Large-billed Crow Corvus 
marcorhynchos 

0 0 0 0 2 

Oriental Turtle Dove Streptopelia 
orientalis 

0 0 0 0 3 

Yellow Wagtail Motacilla flava 5 5 5 5 5 

Passerines 

Yellow-bellied Prinia Prinia 
flaviventris 

0 0 0 0 1 

Black Kite Milvus migrans 0 1 1 2 29 

Bonelli’s Eagle Hieraaetus 
fasciatus 

0 0 0 0 1 

Chinese Goshawk Accipiter 
soloensis 

1 1 1 1 4 

Common Buzzard Buteo buteo 0 0 0 0 1 

Common Kestrel Falco 
tinnunculus 

0 0 0 0 1 

Eurasian Hobby Falco subbuteo 0 0 0 0 1 

Grey-faced Buzzard Butastur 
indicus 

0 0 0 0 1 

Osprey Pandion haliaetus 0 1 1 1 1 

Peregrine Falcon Falco 
peregrinus 

0 0 0 0 3 

Unidentified Raptor  0 0 1 1 1 

Raptors 

White-bellied Sea Eagle 
Haliaeetus leucogaster 

0 0 0 0 11 

Aleutian Tern Sterna aleutica 25 41 41 70 121 Seabirds 

Ancient Murrelet 
Synthliboramphus antiquus 

0 0 0 0 2 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Black-naped Tern Sterna 
sumatrana 

2 3 3 3 114 

Black-tailed Gull Larus 
crassirostris 

15 15 15 15 15 

Bridled Tern Sterna anaethetus 20 31 37 38 138 

Common Tern Sterna hirundo 6 19 20 25 48 

Greater Crested Tern Sterna 
bergii 

0 2 2 2 2 

Heuglin’s Gull Larus heuglini 5 5 5 5 5 

Litter Tern Sterna albisfrons 1 1 1 1 1 

Long-tailed Jaeger Stercorarius 
longicaudus 

1 1 3 3 3 

Pomarine Jaeger Stercorarius 
pomarinus 

5 10 10 10 10 

Roseate Tern Sterna dougallii 0 6 7 7 52 

Short-tailed Shearwater Puffinus 
tenuirostris 

0 0 0 0 1 

Streaked Shearwater Calonectris 
leucomelas 

2 4 4 4 4 

Unidentified Gull Larus sp. 1 1 1 1 1 

Unidentified Jaeger Stercorarius 
sp. 

16 16 16 16 16 

Unidentified Tern Sterna sp. 7 7 7 16 37 

White-winged Black Tern 
Chlidonias leucopterus 

 

22 39 39 39 48 

Barn Swallow Hirundo rustica 15 15 15 15 26 

Little Swift Apus affinis 1 1 1 2 17 

Pacific Swift Apus pacificus 0 0 0 0 32 

 

Swallows / 
Swifts 

Black-crowned Night Heron 
Nycticorax nycticorax 

0 0 0 0 1 

Cattle Egret Bubulcus ibis 
(coromandus) 

23 23 23 23 23 

Chinese Pond Heron Ardeola 
bacchus 

0 0 0 0 4 

Common Kingfisher Alcedo atthis 1 1 1 1 1 

Curlew Numenius arquata 
(orientalis) 

0 0 0 0 1 

 

Waders & 
Waterbirds 

Great Egret Egretta alba 0 0 0 0 1 
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Bird Type Species WF WF + 
0.5km 

WF + 
1km 

WF + 
2km 

Whole 
Area 

Greater Sand Plover Charadrius 
leschenaultii 

0 0 1 1 1 

Green Sandpiper Tringa 
ochropus 

0 1 1 1 1 

Grey Heron Ardea cinerea 11 12 12 12 12 

Little Egret Egretta garzetta 25 25 25 45 53 

Northern Shoveler Anas clypeata 9 9 9 9 9 

Pacific Golden Plover Pluvialis 
fulva 

3 3 3 3 3 

Pacific Reef Egret Egretta sacra 0 0 0 0 6 

Red Knot Calidris canutus 0 0 0 15 15 

Red-necked Phalarope 
Phalaropus lobatus 

70 82 82 92 224 

Ruddy Turnstone Arenaria 
interpres 

7 7 7 7 7 

Unidentified egret Egretta sp. 0 0 0 0 30 

Unidentified shore bird 12 12 12 12 12 

Whimbrel Numenius phaeopus 0 0 0 0 15 

White-breasted Kingfisher 
Halcyon smyrnnsis 

0 0 0 0 1 

Wood Sandpiper Tringa glareola 30 30 30 30 30 

Peak Daily Counts 81 106 107 121 325 

 

7.6.2.3 A total of 5,124 bird sighting records from 57 identified species and 6 unidentified 
species were obtained from 59 survey days, including 51 passerine sightings (1%), 
782 raptor sightings (15%), 2,763 seabird sightings (54%), 366 sightings of 
swallows / swifts (7%), and 1,162 sightings of waders or waterbirds (23%). 

7.6.2.4 Of all bird sightings, 21.4% were within the proposed wind farm area with a 1km 
buffer applied, with 24.8% within the proposed wind farm area with a 2km buffer 
applied under both Scenario A and Scenario B turbine options. However, for the 
proposed wind farm area with a 0.5km buffer area applied, there were more bird 
sightings in the Scenario B option. 

7.6.2.5 The most abundant species was Black-naped Tern, with a total of 1,048 
individuals (21% of total birds) within the survey area.  Another breeding tern 
species, Bridled Tern comprised the second largest bird population, with a total 
883 individuals (17% of total birds) recorded. Following these two largest groups 
was the Red-necked Phalarope, with 772 individuals (15% of total birds) recorded. 
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7.6.2.6 More than half of all observations were of seabirds, and within this group 2,651 
individuals (96% of seabirds) were terns, comprising 2,112 individuals from the 
three breeding terns (Black-naped Terns, Bridled Terns and Roseate Terns) and 
539 individuals from 6 non-breeding tern species. 

7.6.2.7 The peak daily count for the whole survey area was 325 individuals recorded on 
19 August 2006.  Peak daily counts within the proposed wind farm with a 1km 
buffer applied to Scenario A and Scenario B were 110 and 107 individuals, 
respectively. The peak daily count within the proposed wind farm with a 2km buffer 
applied for both Scenarios was 121. Red-necked Phalarope was the most 
abundant species when peak daily counts were considered. 

7.6.2.8 Although Bridled Tern and Red-necked Phalarope were less abundant than Black-
naped Tern within the whole survey area, they were the two most abundant 
species within the proposed wind farm area. Approximately 1/4 observations of 
Bridled Tern and approximately 1/3 observations of Red-necked Phalarope were 
recorded within the proposed wind farm areas under both turbine scenarios with a 
1km buffer applied. 

7.6.2.9 When peak counts were considered within the proposed wind farm areas with 1km 
or 2km buffers, Red-necked Phalarope was still the most abundant species (82 
individuals), followed by Aleutian Tern (41 individuals) and White-winged Black 
Tern (39 individuals) for both Scenarios. 

Flight Height 

7.6.2.10 To allow analysis of the pattern of bird flight height, all relevant data was grouped 
into categories corresponding to the configuration of the proposed wind turbine 
options as displayed by Table 7.16. 

Table 7.16 Flight Height Categories for Scenario A and Scenario B 

Flight Height Categories Scenario A Scenario B 

“Below-rotor Zone” / “Clearance Zone” <35m <30m 

“Rotor Zone” 35m – 125m 30 – 150m 

“Above-blade Zone” >125m >150m 

 

7.6.2.11 Table 7.17 and Table 7.18 summarises the total 3,626 birds (excluding 1,498 birds 
that were found resting on land / boat) observed at each height category recorded 
within the survey area between May 2006 and December 2007 for Scenario A and 
Scenario B respectively.  The following datasets thus includes all birds in flight, 
regardless of the location they were observed with the broader field survey area.  
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Table 7.17 Number of Birds Observed at Each Flight Height Category 
within the Survey Area between May 2006 and December 2007 
for Scenario A 

Flight Height Categories Bird Type Species 

Below-rotor 
Zone 

Rotor Zone Above-blade 
Zone 

Black Drongo Dicrurus 
macrocercus 

7 0 0 

Blue Rock Thrush Monticola 
solitarius 

1 0 0 

Chinese Bulbul Pycnontus 
sinensis 

1 5 0 

Collared Crow Corvus torquatus 1 0 0 

Crested Myna Acridotheres 
cristatellus 

11 2 7 

Dollarbird Eurystomus orientalis 0 1 0 

Large-billed Crow Corvus 
marcorhynchos 

0 3 0 

Oriental Turtle Dove Streptopelia 
orientalis 

3 0 0 

Yellow Wagtail Motacilla flava 8 0 0 

Passerines 

Yellow-bellied Prinia Prinia 
flaviventris 

1 0 0 

Total for Passerines 33 11 7 

Black Kite Milvus migrans 195 294 121 

Bonelli’s Eagle Hieraaetus 
fasciatus 

0 1 0 

Chinese Goshawk Accipiter 
soloensis 

0 5 0 

Common Buzzard Buteo buteo 0 0 1 

Common Kestrel Falco 
tinnunculus 

 

0 1 1 

Eurasian Hobby Falco subbuteo 0 1 0 

Grey-faced Buzzard Butastur 
indicus 

0 1 0 

Osprey Pandion haliaetus 4 0 1 

Peregrine Falcon Falco 
peregrinus 

4 5 3 

Unidentified Raptor  0 1 0 

Raptors 

White-bellied Sea Eagle 
Haliaeetus leucogaster 

22 78 11 
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Flight Height Categories Bird Type Species 

Below-rotor 
Zone 

Rotor Zone Above-blade 
Zone 

Total for Raptors 225 387 138 

Aleutian Tern Sterna aleutica 149 5 0 

Ancient Murrelet 
Synthliboramphus antiquus 

2 0 0 

Black-naped Tern Sterna 
sumatrana 

160 5 0 

Black-tailed Gull Larus 
crassirostris 

47 0 0 

Bridled Tern Sterna anaethetus 439 24 0 

Common Tern Sterna hirundo 156 1 0 

Greater Crested Tern Sterna 
bergii 

2 0 0 

Heuglin’s Gull Larus heuglini 13 1 0 

Litter Tern Sterna albisfrons 2 0 0 

Long-tailed Jaeger Stercorarius 
longicaudus 

6 0 0 

Pomarine Jaeger Stercorarius 
pomarinus 

14 0 0 

Roseate Tern Sterna dougallii 30 0 0 

Short-tailed Shearwater Puffinus 
tenuirostris 

2 0 0 

Streaked Shearwater Calonectris 
leucomelas 

6 2 0 

Unidentified Gull Larus sp. 1 0 0 

Unidentified Jaeger Stercorarius 
sp. 

17 0 0 

Unidentified Tern Sterna sp. 89 1 0 

Seabirds 

White-winged Black Tern 
Chlidonias leucopterus 

 

118 8 0 

Total for Seabirds 1250 47 0 

Barn Swallow Hirundo rustica 87 1 0 

Little Swift Apus affinis 20 10 18 
Swallows / 

Swifts 

Pacific Swift Apus pacificus 37 184 9 

Total for Swallows / Swifts 144 195 27 

Waders & 
Waterbirds 

Black-crowned Night Heron 
Nycticorax nycticorax 

1 0 0 
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Flight Height Categories Bird Type Species 

Below-rotor 
Zone 

Rotor Zone Above-blade 
Zone 

Cattle Egret Bubulcus ibis 
(coromandus) 

44 3 0 

Chinese Pond Heron Ardeola 
bacchus 

4 0 0 

Common Kingfisher Alcedo atthis 1 0 0 

Curlew Numenius arquata 
(orientalis) 

0 1 0 

Great Egret Egretta alba 1 0 0 

Greater Sand Plover Charadrius 
leschenaultii 

1 0 0 

Green Sandpiper Tringa 
ochropus 

1 0 0 

Grey Heron Ardea cinerea 12 0 0 

Little Egret Egretta garzetta 140 1 0 

Northern Shoveler Anas clypeata 10 0 0 

Pacific Golden Plover Pluvialis 
fulva 

5 0 0 

Pacific Reef Egret Egretta sacra 71 5 4 

Red Knot Calidris canutus 0 15 0 

Red-necked Phalarope 
Phalaropus lobatus 

717 5 0 

Ruddy Turnstone Arenaria 
interpres 

7 0 0 

Unidentified egret Egretta sp. 0 30 0 

Unidentified shore bird 12 0 0 

Whimbrel Numenius phaeopus 33 0 0 

White-breasted Kingfisher 
Halcyon smyrnnsis 

1 0 0 

Wood Sandpiper Tringa glareola 36 1 0 

Total for Waders & Waterbirds 1097 61 4 

Grand Total 2749 701 176 
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Table 7.18 Number of Birds Observed at Each Flight Height Category 
within the Survey Area between May 2006 and December 2007 
for Scenario B 

Flight Height Categories Bird Type Species 

Below-rotor 
Zone 

Rotor Zone Above-blade 
Zone 

Black Drongo Dicrurus macrocercus 7 0 0 

Blue Rock Thrush Monticola 
solitarius 

1 0 0 

Chinese Bulbul Pycnontus sinensis 1 5 0 

Collared Crow Corvus torquatus 1 0 0 

Crested Myna Acridotheres 
cristatellus 

11 3 6 

Dollarbird Eurystomus orientalis 0 1 0 

Large-billed Crow Corvus 
marcorhynchos 

0 3 0 

Oriental Turtle Dove Streptopelia 
orientalis 

3 0 0 

Yellow Wagtail Motacilla flava 8 0 0 

Passerines 

Yellow-bellied Prinia Prinia 
flaviventris 

1 0 0 

Total for Passerines 33 12 6 

Black Kite Milvus migrans 147 390 73 

Bonelli’s Eagle Hieraaetus fasciatus 0 1 0 

Chinese Goshawk Accipiter 
soloensis 

0 5 0 

Common Buzzard Buteo buteo 0 0 1 

Common Kestrel Falco tinnunculus 0 2 0 

Eurasian Hobby Falco subbuteo 0 1 0 

Grey-faced Buzzard Butastur indicus 0 1 0 

Osprey Pandion haliaetus 4 0 1 

Peregrine Falcon Falco peregrinus 4 7 1 

Unidentified Raptor  0 1 0 

Raptors 

White-bellied Sea Eagle Haliaeetus 
leucogaster 

12 92 7 

Total for Raptors 167 500 83 

Aleutian Tern Sterna aleutica 148 6 0 

Ancient Murrelet Synthliboramphus 
antiquus 

2 0 0 

Seabirds 

Black-naped Tern Sterna sumatrana 158 7 0 
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Flight Height Categories Bird Type Species 

Below-rotor 
Zone 

Rotor Zone Above-blade 
Zone 

Black-tailed Gull Larus crassirostris 42 5 0 

Bridled Tern Sterna anaethetus 415 48 0 

Common Tern Sterna hirundo 156 1 0 

Greater Crested Tern Sterna bergii 2 0 0 

Heuglin’s Gull Larus heuglini 8 6 0 

Litter Tern Sterna albisfrons 2 0 0 

Long-tailed Jaeger Stercorarius 
longicaudus 

6 0 0 

Pomarine Jaeger Stercorarius 
pomarinus 

14 0 0 

Roseate Tern Sterna dougallii 30 0 0 

Short-tailed Shearwater Puffinus 
tenuirostris 

1 1 0 

Streaked Shearwater Calonectris 
leucomelas 

6 2 0 

Unidentified Gull Larus sp. 1 0 0 

Unidentified Jaeger Stercorarius sp. 17 0 0 

Unidentified Tern Sterna sp. 80 7 0 

White-winged Black Tern Chlidonias 
leucopterus 

 

118 8 0 

Total for Seabirds 1206 91 0 

Barn Swallow Hirundo rustica 87 1 0 

Little Swift Apus affinis 3 33 12 
Swallows / 

Swifts 

Pacific Swift Apus pacificus 7 214 9 

Total for Swallows / Swifts 97 248 21 

Black-crowned Night Heron 
Nycticorax nycticorax 

1 0 0 

Cattle Egret Bubulcus ibis 
(coromandus) 

44 3 0 

Chinese Pond Heron Ardeola 
bacchus 

4 0 0 

Common Kingfisher Alcedo atthis 1 0 0 

Curlew Numenius arquata (orientalis) 0 1 0 

Great Egret Egretta alba 1 0 0 

Waders & 
Waterbirds 

Greater Sand Plover Charadrius 
leschenaultii 

1 0 0 
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Flight Height Categories Bird Type Species 

Below-rotor 
Zone 

Rotor Zone Above-blade 
Zone 

Green Sandpiper Tringa ochropus 1 0 0 

Grey Heron Ardea cinerea 12 0 0 

Little Egret Egretta garzetta 140 1 0 

Northern Shoveler Anas clypeata 10 0 0 

Pacific Golden Plover Pluvialis fulva 5 0 0 

Pacific Reef Egret Egretta sacra 70 6 4 

Red Knot Calidris canutus 0 15 0 

Red-necked Phalarope Phalaropus 
lobatus 

707 15 0 

Ruddy Turnstone Arenaria interpres 7 0 0 

Unidentified egret Egretta sp. 0 30 0 

Unidentified shore bird 12 0 0 

Whimbrel Numenius phaeopus 33 0 0 

White-breasted Kingfisher Halcyon 
smyrnnsis 

1 0 0 

Wood Sandpiper Tringa glareola 36 1 0 

Total for Waders & Waterbirds 1086 72 4 

Grand Total 2589 923 114 

 

7.6.2.12 The flight height data of the observed birds demonstrates that 76% (2,749 out of 
3,626 birds) and 71% (2,589 out of 3,626 birds) fly below the proposed rotors (i.e. 
zone of clearance) for Scenario A and Scenario B, respectively. 

7.6.2.13 Raptors and Swallows / Swifts are two groups of birds that were most frequently 
observed flying at relatively high altitudes: 70% of Raptors and 61% of Swallow / 
Swifts were recorded within or above rotor height for Scenario A, while 78% of 
Raptors and 74% of Swallows / Swifts were recorded within or above rotor height 
for Scenario B. 

Behaviour 

7.6.2.14 In order to investigate bird behaviour within the Study Area, all birds were 
assigned a behavioural category to their key activities under observation: “feeding” 
(including both in air and at water), “flying”, and “resting” (either “sitting” on water / 
“standing” on floating objects or perching on trees on adjacent land). Table 7.19 
summarises the observed bird behaviour. 
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Table 7.19 Number of Birds Observed Under Each Behavioural Category 
with the Study Area between May 2006 and May 2007 

Bird Type Species Feeding Flying Resting Total 
Counts 

Black Drongo Dicrurus 
macrocercus 

0 7 0 7 

Blue Rock Thrush Monticola 
solitarius 

0 0 1 1 

Chinese Bulbul Pycnontus 
sinensis 

0 6 0 6 

Collared Crow Corvus torquatus 0 1 0 1 

Crested Myna Acridotheres 
cristatellus 

0 5 15 20 

Dollarbird Eurystomus orientalis 0 0 1 1 

Large-billed Crow Corvus 
marcorhynchos 

0 1 2 3 

Oriental Turtle Dove Streptopelia 
orientalis 

0 3 0 3 

Yellow Wagtail Motacilla flava 0 8 0 8 

Passerines 

Yellow-bellied Prinia Prinia 
flaviventris 

0 0 1 1 

Total for Passerines 0 31 20 51 

Black Kite Milvus migrans 12 585 18 615 

Bonelli’s Eagle Hieraaetus 
fasciatus 

0 1 0 1 

Chinese Goshawk Accipiter 
soloensis 

0 5 0 5 

Common Buzzard Buteo buteo 0 1 0 1 

Common Kestrel Falco 
tinnunculus 

0 2 0 2 

Eurasian Hobby Falco subbuteo 0 1 0 1 

Grey-faced Buzzard Butastur 
indicus 

0 1 0 1 

Osprey Pandion haliaetus 0 4 1 5 

Peregrine Falcon Falco 
peregrinus 

3 8 1 12 

Unidentified Raptor  0 1 0 1 

Raptors 

White-bellied Sea Eagle 
Haliaeetus leucogaster 

4 62 72 138 

Total for Raptors 19 671 92 782 

Seabirds Aleutian Tern Sterna aleutica 38 99 17 154 
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Bird Type Species Feeding Flying Resting Total 
Counts 

Ancient Murrelet 
Synthliboramphus antiquus 

0 2 0 2 

Black-naped Tern Sterna 
sumatrana 

83 88 877 1048 

Black-tailed Gull Larus 
crassirostris 

0 22 26 48 

Bridled Tern Sterna anaethetus 151 328 404 883 

Common Tern Sterna hirundo 13 136 18 167 

Greater Crested Tern Sterna 
bergii 

0 2 1 3 

Heuglin’s Gull Larus heuglini 0 12 2 14 

Litter Tern Sterna albisfrons 0 2 0 2 

Long-tailed Jaeger Stercorarius 
longicaudus 

0 5 1 6 

Pomarine Jaeger Stercorarius 
pomarinus 

0 14 0 14 

Roseate Tern Sterna dougallii 15 15 151 181 

Short-tailed Shearwater Puffinus 
tenuirostris 

0 1 1 2 

Streaked Shearwater Calonectris 
leucomelas 

0 8 0 8 

Unidentified Gull Larus sp. 0 1 0 1 

Unidentified Jaeger Stercorarius 
sp. 

0 17 0 17 

Unidentified Tern Sterna sp. 3 83 1 87 

White-winged Black Tern 
Chlidonias leucopterus 

 

15 109 2 126 

Total for Seabirds 318 944 1501 2763 

Barn Swallow Hirundo rustica 0 88 0 88 

Little Swift Apus affinis 33 15 0 48 
Swallows / 

Swifts 

Pacific Swift Apus pacificus 86 144 0 230 

Total for Swallows / Swifts 119 247 0 366 

Black-crowned Night Heron 
Nycticorax nycticorax 

0 1 0 1 

Cattle Egret Bubulcus ibis 
(coromandus) 

0 47 0 47 

Chinese Pond Heron Ardeola 
bacchus 

0 4 0 4 

Waders & 
Waterbirds 

 

Common Kingfisher Alcedo atthis 0 1 0 1 
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Bird Type Species Feeding Flying Resting Total 
Counts 

Curlew Numenius arquata 
(orientalis) 

0 1 0 1 

Great Egret Egretta alba 0 1 0 1 

Greater Sand Plover Charadrius 
leschenaultii 

0 1 0 1 

Green Sandpiper Tringa 
ochropus 

0 1 0 1 

Grey Heron Ardea cinerea 0 12 0 12 

Little Egret Egretta garzetta 0 115 26 141 

Northern Shoveler Anas clypeata 0 1 9 10 

Pacific Golden Plover Pluvialis 
fulva 

0 5 0 5 

Pacific Reef Egret Egretta sacra 6 64 10 80 

Red Knot Calidris canutus 0 15 0 15 

Red-necked Phalarope 
Phalaropus lobatus 

51 188 493 722 

Ruddy Turnstone Arenaria 
interpres 

0 7 0 7 

Unidentified egret Egretta sp. 0 30 0 30 

Unidentified shore bird 0 12 0 12 

Whimbrel Numenius phaeopus 0 33 0 33 

White-breasted Kingfisher 
Halcyon smyrnnsis 

0 0 1 1 

Wood Sandpiper Tringa glareola 0 37 0 37 

Total for Waders & Waterbirds 57 576 529 1162 

Grand Total 513 2469 2142 5124 
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7.6.2.15 The results display that only 513 feeding records (10% of sightings) were within 
the Study Area, with 46% of these records reflecting the behaviour of Black-naped 
Tern and Bridled Tern. Feeding behaviour was also significant for Pacific Swift (86 
nos.), Red-necked Phalarope (51 nos.), Aleutian Tern (38 nos.) and Little Swift (33 
nos.).  Figure 7.13 – 7.18 display the distribution of these six species within the 
survey area and their corresponding behaviour. 

Figure 7.13 Distribution by Behaviour of Black-naped Tern between May 
2006 and December 2007 
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Figure 7.14 Distribution by Behaviour of Bridled Tern between May 2006 
and December 2007 

 

Figure 7.15 Distribution by Behaviour of Pacific Swift between May 2006 
and December 2007 
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Figure 7.16  Distribution by Behaviour of Red-necked Phalarope between 
May 2006 and December 2007 

 

Figure 7.17 Distribution by Behaviour of Aleutian Tern between May 2006 
and December 2007 
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Figure 7.18 Distribution by Behaviour of Little Swift between May 2006 and 
December 2007  

 

7.6.2.16 For the two breeding tern species, relatively large numbers of Bridled Tern were 
found feeding within the proposed wind farm area or in the wind farm buffer areas.  
However, most of the Bridled Terns were found following trawlers / boats when 
they were feeding (possibly on discarded fishes by the trawlers).  For Black-naped 
Tern, most feeding activity was concentrated in near-shore waters such as near 
Kong Tau Pai and / or East Ninepin. Only a few offshore feeding records were 
obtained within the 0.5km buffer area. 

7.6.2.17 Red-necked Phalarope was mostly found feeding in near-shore waters although 
there were a small number of feeding records obtained within the proposed wind 
farm area (Figure 7.16). For Aleutian Tern, similar numbers of feeding records 
were obtained from near-shore waters and at the offshore wind farm area 
(Figure7.17).  All feeding records for the Little Swift (Figures 7.18) and Pacific 
Swift (Figures 7.15) were obtained around the Ninepin Islands. 

7.6.3 Ornithological Importance of the Surveyed Area 

Conservation Status 

7.6.3.1 Table 7.20 lists all 57 identified species and 6 unidentified species recorded within 
the Study in terms of residential and conservation status. 
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Table 7.20 Summary of Residential Status and Conservation Status of Bird 
Species Recorded in the Survey Area 

Conservation Status2 Bird Type Species Residential Status1

Local 
(Yes/No) 

Regional 
(Yes/No) 

International 
(Yes/No) 

Black Drongo Summer Visitor Yes (1) No No 

Blue Rock Thrush Uncommon 
Passage Migrant 
and Winter Visitor 

Yes (1) No No 

Chinese Bulbul Abundant Resident Yes (1) No No 

Collared Crow Uncommon 
Resident 

Yes (1, 3) No No 

Crested Myna Common Resident Yes (1) No No 

Dollarbird Uncommon 
Passage Migrant 

Yes (1) No No 

Large-bellied Crow Common Resident Yes (1) No No 

Oriental Turtle Dove Common Passage 
Migrant and Winter 

Visitor 

Yes (1)  No No 

Yellow Wagtail Common Passage 
Migrant and Winter 

Visitor 

Yes (1) No No 

Passerine 

Yellow-bellied Prinia Common Resident Yes (1) No No 

Black Kite Common Resident 
and Winter Visitor 

Yes (1, 2) Yes (5) No 

Bonelli’s Eagle Resident Yes (1, 2) Yes (5, 6) No 

Chinese Goshawk Uncommon 
Passage Migrant 

Yes (1, 2) No No 

Common Buzzard Common Winter 
Visitor 

Yes (1, 2) No No 

Common Kestrel Common Autumn 
Migrant and Winter 

Visitor 

Yes (1, 2) No No 

Eurasian Hobby Uncommon 
Passage Migrant 

Yes (1, 2, 3) No No 

Grey-faced Buzzard Uncommon 
Passage Migrant 

Yes (1, 2) Yes (6) No 

Osprey Common Winter 
Visitor 

Yes (1, 2) Yes (5, 6) No 

Peregrine Falcon Scarce Resident 
and Winter Visitor 

Yes (1, 2, 3) No No 

Unidentified raptor N.A. N.A. N.A. No 

Raptors 

White-bellied Sea 
Eagle 

Uncommon 
Resident 

Yes (1, 2) Yes (5, 8) No 

Aleutian Tern Uncommon 
Passage Migrant 

Yes (1) No No 

Ancient Murrelet Scarce Winter 
Visitor to Offshore 

Waters 

Yes (1) Yes (7) No 

Black-naped Tern Common Summer 
Visitor 

Yes (1, 3) No No 

Seabirds 

Black-tailed Gull Uncommon Winter 
Visitor 

Yes (1, 3) No No 
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Conservation Status2 Bird Type Species Residential Status1

Local 
(Yes/No) 

Regional 
(Yes/No) 

International 
(Yes/No) 

Bridled Tern Uncommon Summer 
Visitor 

Yes (1, 3) No No 

Common Tern Common Passage 
Migrant 

Yes (1, 3) No No 

Greater Crested Tern Scarce Passage 
Migrant 

Yes (1) No No 

Heuglin’s Gull Common Winter 
Visitor and Passage 

Migrant 

Yes (1, 3) No No 

Little Tern Uncommon 
Passage Migrant 

Yes (1, 3) No No 

Long-tailed Jaeger Scarce Passage 
Migrant 

Yes (1) No No 

Pomarine Jaeger Occasional Visitor Yes (1) No No 

Roseate Tern Uncommon Summer
Visitor 

Yes (1, 3) No No 

Short-tailed 
Shearwater 

N.A. Yes (1) No No 

Streaked Shearwater Occasional Visitor Yes (1) No No 

Unidentified Gull N.A. N.A. N.A. N.A. 

Unidentified Jaeger N.A. N.A. N.A. N.A. 

Unidentified Tern N.A. N.A. N.A N.A. 

White-winged Black 
Tern 

Uncommon 
Passage Migrant 

Yes (1) No No 

Barn Swallow Abundant Passage 
Migrant and 

Summer Visitor 

Yes (1) No No 

Little Swift Abundant Spring 
Migrant and 

Common Resident 

Yes (1) No No Swallows / 
Swifts 

Pacific Swift 

 

Common Spring 
Migrant and 

Summer Visitor 

Yes (1, 3) No No 

Black-crowned Night 
Heron 

Common Resident 
and Winter Visitor 

Yes (1, 3) No No 

Cattle Egret Resident and 
Common Passage 

Migrant 

Yes (1, 3) No No 

Chinese Pond Heron Common Resident Yes (1) Yes (4) No 

Common Kingfisher Common Passage 
Migrant and Winter 

Visitor 

Yes (1) No No 

Curlew Abundant in Winter 
and Spring 

Yes (1) Yes (5) No 

Great Egret Common Resident 
and Winter Visitor 

Yes (1) Yes (4) No 

Greater Sand Plover Passage Migrant Yes (1) Yes (5) No 

Green Sandpiper Uncommon 
Passage and Winter 

Visitor 

Yes (1) No No 

Grey Heron Common Winter 
Visitor 

Yes (1) Yes (4) No 

Waders & 
Waterbirds 

Little Egret Common Resident Yes (1) No No 
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Conservation Status2 Bird Type Species Residential Status1

Local 
(Yes/No) 

Regional 
(Yes/No) 

International 
(Yes/No) 

Northern Shoveler Abundant Winter 
Visitor 

Yes (1) Yes (5) No 

Pacific Golden Plover Common Winter 
Visitor 

Yes (1, 3) No No 

Pacific Reef Egret Uncommon 
Resident 

Yes (1, 3) Yes (6) No 

Red Knot Common Passage 
Migrant 

Yes (1, 3) No No 

Red-necked Phalarope Common Passage 
Migrant 

Yes (1) No No 

Ruddy Turnstone Common Passage 
Migrant 

Yes (1, 3) No No 

Unidentified egret N.A. N.A. N.A. N.A. 

Unidentified shore bird N.A. N.A. N.A. N.A. 

Whimbrel Common Passage 
Migrant 

Yes (1,3 ) No No 

White-breasted 
Kingfisher 

Common Resident Yes (1, 3) No No 

Wood Sandpiper Common Passage 
Migrant and Winter 

Visitor 

Yes (1, 3) No No 

1Residential Status of the species was referred to The Avifauna of Hong Kong (Carey et. al., 2001). 

2Conservation Status:  

1 – Listed under the protection of “Wild Animal and Protection Ordinance (Cap. 170)”;  
2 – Listed under “Protection of Endangered Species of Animals and Plants Ordinance (Cap. 586)”;  
3 – Considered “Local Concern” by Fellowes et al (2002);  
4 – Considered “Potential Regional Concern” by Fellowes et al (2002);  
5 – Considered of “Regional Concern” by Fellowes et al (2002);  
6 – Considered “Rare” in China Red Data Book;  
7– Considered “Vulnerable” in China Red Data Book;  
8 – Considered “Indeterminate” in China Red Data Book. 

 

7.6.3.2 Of the total 57 identified bird species recorded in the Study Area, 35 species 
considered to be of particular local or regional concern as referred in Table 7.20 
(i.e. species of conservation status listed as “2” to “8”). These species are listed in 
Table 7.21 with regard to their abundance and distribution in the field study.  As 
birds flying within or above rotor height are at greatest risk of collision, the number 
of sightings at ‘risk flight heights’ for Scenario A (i.e., ≥35m) and Scenario B (i.e. 
≥30m) is also displayed below. 
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Table 7.21 Species of Local and /or Regional Conservation Concern and 
Their Abundance and Distribution in the Study Area (Data 
between May 2006 and December 2007) 

Total Counts               
(WF + 1km / Whole Area)  

Birds at Risk Flight Heights 
(birds at risk height / all birds in 

flight) 

Bird Type Species* 

Scenario A Scenario B Scenario A Scenario B 

Passerines Collared Crow 0 / 1 0 / 1 0 / 1 0 / 1 

Black Kite 4 / 615 4 / 615 415 / 610 463 / 610 

Bonelli’s Eagle 0 / 1 0 / 1 1 / 1 1 / 1 

Chinese Goshawk 1 / 5 1 / 5 5 / 5 5 / 5 

Common Buzzard 0 / 1 0 / 1 1 / 1 1 / 1 

Common Kestrel 0 / 2 0 / 2 2 / 2 2 / 2 

Eurasian Hobby 0 / 1 0 / 1 1 / 1 1 / 1 

Grey-faced Buzzard 0 / 1 0 / 1 1 / 1 1 / 1 

Osprey 1 / 5 1 / 5 1 / 5 1 / 5 

Peregrine Falcon 0 / 12 0 / 12 8 / 12 8 / 12 

Raptors 

White-bellied Sea Eagle 0 / 138 0 / 138 89 / 111 99 / 111 

Ancient Murrelet 0 / 2 0 / 2 0 / 2 0 / 2 

Black-naped Tern* 12 / 1048 12 / 1048 5 / 165 7 / 165 

Black-tailed Gull* 38 / 48 38 / 48 0 / 47 5 / 47 

Bridled Tern* 222 / 883 224 / 883 24 / 463 48 / 463 

Common Tern 89 / 167 90 / 167 1 / 157 1 / 157 

Heuglin’s Gull 13 / 14 13 / 14 1 / 14 6 / 14 

Little Tern 2 / 2 2 / 2 0 / 2 0 / 2 

Seabirds 

Roseate Tern 7 / 181 7 / 181 0 / 30 0 / 30 

Swallows / 
Swifts 

Pacific Swift 0 / 230 0 / 230 193 / 230 223 / 230 

Black-crowned Night 
Heron 

0 / 1 0 / 1 0 / 1 0 / 1 

Cattle Egret* 47 / 47 47 / 47 3 / 47 3 / 47 

Chinese Pond Heron 0 / 4 0 / 4 0 / 4 0 / 4 

Curlew 0 / 1 0 / 1 1 / 1 1 / 1 

Great Egret 0 / 1 0 / 1 0 / 1 0 / 1 

Greater Sand Plover 1 / 1 1 / 1 0 / 1 0 / 1 

Waders & 
Waterbirds 

Grey Heron 12 / 12 12 / 12 0 / 12 0 / 12 
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Total Counts               
(WF + 1km / Whole Area)  

Birds at Risk Flight Heights 
(birds at risk height / all birds in 

flight) 

Bird Type Species* 

Scenario A Scenario B Scenario A Scenario B 

Northern Shoveler 10 / 10 10 / 10 0 / 10 0 / 10 

Pacific Golden Plover 3 / 5 3 / 5 0 / 5 0 / 5 

Pacific Reef Egret 0 / 80 0 / 80 9 / 80 10 / 80 

Red Knot 0 / 15 0 / 15 15 / 15 15 / 15 

Ruddy Turnstone 7 / 7 7 / 7 0 / 7 0 / 7 

Whimbrel 0 / 33 0 / 33 0 / 33 0 / 33 

White-breasted 
Kingfisher 

0 / 1 0 / 1 0 / 1 0 / 1 

Wood Sandpiper 31 / 37 31 / 37 1 / 37 1 / 37 

*Species recorded relatively more frequently within the “WF + 1km” area and at risk heights. 

 

Species of Relatively High Sensitivity 

7.6.3.3 Based on the results of the desktop study and the field survey, several species or 
species groups are considered to be of relatively higher sensitivity due to their 
conservation significance, distribution and / or abundance within the Study Area: 

White-bellied Sea Eagle 

7.6.3.4 White-bellied Sea Eagle (WBSE), Haliaeetus leucogaster, belongs to the Family 
Accipitridae (Raptors) that is believed to be potentially sensitive to disturbance 
displacement and/or collision caused by wind farms (Langston and Pullan, 2006).  
In the field survey, all 138 sighting records were made outside the 2km buffer area 
of the proposed wind farm, with 4 of these records being when the birds were 
feeding or showing foraging attempts. Of the remainder, 62 records were of “flying” 
and 72 were of “resting” (i.e., perching). From the flight height records, 89 birds 
were observed >35m (i.e. within or above rotor heights for Scenario A) and 99 
birds were observed >30m (i.e. within or above rotor heights for Scenario B). 

7.6.3.5 Figure 7.19 displays the distribution of all WBSE records from May 2006 through 
December 2007 field surveys overlaid with the wind farm boundary representing 
Scenario A and Scenario B. 
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Figure 7.19 Distribution of WBSE 

 
 

7.6.3.6 A WBSE nest with two juveniles was first recorded at Wang Chau on 20 March 
2007 during the field survey. Another adult pair of WBSE was also regularly seen 
around Steep Island. An eleven-month focussed WBSE survey was conducted on 
a weekly basis from late July 2007 through early May 2008 to collect additional 
information on the activities and local movement of the (potential) juveniles and 
the breeding pairs of WBSEs from these two locations. 

7.6.3.7 The focussed surveys were conducted through roaming the near-shore area 
around those islets where WBSEs were previously seen. The observer followed 
any observed WBSE to record their behaviour (e.g. foraging attempts, sitting on 
nests, etc.) and their flight path using a portable GPS, until the bird was lost from 
sight.  During observations a distance of at least 50m was maintained between the 
bird and observer to avoid causing disturbance. 

7.6.3.8 During the non-breeding period (i.e. July to October), adult WBSE were always 
found in or near the islets (Wang Chau and Steep Island) and were more active in 
the late afternoon, usually foraging within 3m of these islets.  Depending on the 
survey event one or two adults, presumably the pair from Steep Island, were 
observed loafing and feeding around South Ninepin Island, although the birds 
were not nesting (or nest building) and were not observed east of this island. 

7.6.3.9 The pair at Wang Chau became more sedentary in autumn 2007 and they were 
seen to return to the nest used in the last breeding period (winter-spring 2006 / 
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2007).  In November 2007 one bird of the pair was seen carrying nesting materials 
back to the previous nesting location where it sat from December 2007 through 
February 2008 while its companion was present nearby. These activities 
suggested that the pair were attempting to breed.  By early March 2008 the adult 
WBSE had been seen sitting on the nest for more than 8 weeks (i.e., longer than 
the incubation period of ~40 days), however no young / juvenile WBSE were 
observed. 

7.6.3.10 In March and early April, the adult WBSE pair started to leave the nest and they 
finally abandoned the nest and became more mobile and changed their resting 
sites more often in the nearby area in the second half of April 2008. These 
observations confirm that the Wang Chau’s pair had failed to successfully breed 
during winter 2007 / spring 2008. 

7.6.3.11 No juvenile / young WBSEs were observed on the islands, suggesting that the two 
juveniles raised in the last breeding season by the Wang Chau pair had left the 
nest at Wang Chau and moved outside the study area. 

Breeding Terns 

7.6.3.12 Terns (Sternidae) are considered to be potentially susceptible to wind farm 
collision (Langston and Pullan, 2006). Field survey data suggest the three tern 
species form the largest component of the seabird population in the Study Area, 
comprising 2,112 of all birds (41%) and 18% of all feeding records. 

7.6.3.13 All Roseate Terns were observed below the proposed rotor heights (<30m), and 
approximately 96% of Black-naped Tern and 90% of Bridled Tern were found 
flying below 30m. Figures 7.20 –22 display the distribution records of the three 
breeding tern species in the field Study Area overlaid with the wind farm boundary 
representing Scenario A and Scenario B. 
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Figure 7.20 Distribution of Black-naped Tern 

 

Figure 7.21 Distribution of Bridled Tern 
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Figure 7.22 Distribution of Roseate Tern 

 

Red-necked Phalarope 

7.6.3.14 Red-necked Phalarope was recently found to be one of the most abundant 
species in southern / south-eastern HKSAR waters (HKBWS, 2006).  The EIA 
Study field survey data support this conclusion, with Red-necked Phalarope 
comprising approximately 14% of all bird records. 

7.6.3.15 Approximately 34% of observations were made within “WF + 1km” zone for both 
Scenario A and Scenario B.  Of the total 722 birds recorded, only 51 birds were 
recorded as “feeding” with most of these individuals found near-shore. Some 98% 
of Red-necked Phalarope were found flying below 30m (below rotor blade heights 
/ or within “clearance zone” for both Scenarios A and B).  Figure 7.23 displays the 
distribution of all Red-necked Phalarope records in the field survey. 

Other Species 

7.6.3.16 Aleutian Tern (n = 154), White-winged Black Tern (n = 126), Black-tailed Gull (n = 
48) and Cattle Egret (n = 47) were less abundant than the breeding terns and 
Red-necked Phalarope, but are still relatively abundant in the field survey area. 

7.6.3.17 These species were also relatively abundant in the “WF + 1km” area, and 
occurred more frequently at heights within / above rotor making them potentially 
more sensitive to impact.  Figures 7.24 - 7.27 display the distribution of these 
species. 
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Figure 7.23 Distribution of Red-necked Phalarope 

 

Figure 7.24 Distribution of Aleutian Tern 
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Figure 7.25 Distribution of White-winged Black Tern 

 

Figure 7.26 Distribution of Black-tailed Gull 
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Figure 7.27 Distribution of Cattle Egret 

 

7.7 Construction Phase Impact Assessment  

7.7.1.1 The construction phase activities shall involve shipment of components to the site 
for installation, likely from a barge, with support from a number of workboats.   

7.7.1.2 These activities shall not result in any adverse impact upon birds, although it shall 
be necessary that general refuse generated by the construction workforce be 
appropriately handed and disposed to avoid windblown litter that could be ingested 
by seabirds. 

7.8 Operation Phase Impact Assessment 

7.8.1 Direct Habitat Loss 

7.8.1.1 In this EIA study, the majority of the birds recorded were found highly restricted to 
near-shore coastal areas, and all bird species recorded belong to surface-feeding 
species. 

7.8.1.2 Given the remoteness of the wind farm site and lack of special habitat interest in 
the offshore environment (e.g. low fishery productivity in offshore area as 
described in Section 8), birds in the Study Area are not anticipated to suffer from 
loss of marine habitat (benthic habitats) or particular foraging areas. The impact of 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 7 - Page 67 
 

 

habitat loss is thus considered to be negligible. 

7.8.2 Disturbance / Displacement 

7.8.2.1 It is believed that the presence of an offshore wind farm may result in bird 
avoidance (i.e. birds avoid using sea areas within or close to a wind farm due to 
any possible environmental disturbance from the wind farm) (Drewitt and Langston, 
2006; Langston and Pullan, 2006). However, this effect has the potential to 
adversely impact or displace a bird population only when food sources are 
restricted to the wind farm area so that the birds are unable to relocate into 
suitable habitats nearby. 

7.8.2.2 Although relatively high abundance of Bridled Terns was found feeding within the 
proposed wind farm and its buffer area, the feeding behaviour, as evidenced by 
field observation, was strongly associated with the presence of fishing trawlers / 
boats from which the terns may feed on discarded fishes.  As the proposed wind 
farm site has low fisheries productivity and given that most birds in the Study Area 
prefer feeding at near-shore waters (including around islands) where there is 
higher fisheries productivity, potential disturbance / displacement impacts on birds 
are anticipated to be negligible. 

7.8.2.3 The turbines will be painted using non-reflective paint to reduce “blade glint” (glare 
from the sun reflecting off the turbine blades), so as to avoid potential disturbance 
on the vision of flying birds.  Given this it can be expected that in the open-water 
environment glare reflected off the turbines will be insignificant compared to the 
glare from the water surface. 

7.8.2.4 During operations some turbine noise / blade whistles may be produced when the 
turbines rotate.  Research by Dooling (2002), including a review of the literature on 
birds hearing ability in noisy (windy) conditions suggests that birds cannot hear the 
noise from wind turbines as well as humans can.  As most birds hear best 
between about 1 and 5kHz, and the turbine noise and wind noise are 
predominantly of low frequencies (below 1-2kHz), the Project’s operation would 
not be significant in increasing the overall sound pressure level on birds.   

7.8.3 Barrier Effect 

7.8.3.1 When a wind farm is constructed across a well-defined bird migratory route and 
bird avoidance responses are significant, it may result in a “barrier effect” that may 
alter the flyways or flight paths of the migratory species (Drewitt and Langston, 
2006). 

7.8.3.2 Guidance on the siting of wind farms published by English Nature et al (2001) 
refers to the need for developments to avoid known bird migration routes, local 
flight paths, foraging areas, and coastal and inland wetland sites and upland sites 
of high ornithological importance, particularly those supporting large populations of 
migratory waterfowl.  These considerations have been taken into account for the 
proposed Project, with field survey data indicating the absence of any significant 
local flight paths associated with the site location, and with the Project being very 
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deliberately located as far offshore away from more sensitive coastal areas as is 
deemed practicable. 

7.8.3.3 The previous sub-sections refer to migratory species that utilise the area on a 
seasonal basis, most notably the breeding terns and Red-necked Phalarope that 
fly through the general area.  As these species generally approach coastal areas 
from the south when arriving to breed, there exist many corridors of entry to the 
HKSAR coastline. Survey by HKBWS, for example, has determined that southern 
waters in general to be inhabited by migratory seabirds including terns in some 
abundance, while from field observations it is known that from landing these birds 
will travel around the coastline away from exposed offshore areas. 

7.8.3.4 It can be expected that some inbound migrants may currently pass through the 
proposed Project area, although with an indicative turbine spacing of 560 metres 
the barrier effect of the proposed wind farm on bird migration is not anticipated to 
be significant. 

7.8.4 Collision Risk 

7.8.4.1 The SNH bird collision risk model (Band et al, 2007) has been used to quantify 
collision risk for a number of selected species that were found to be relatively most 
dominant in the Study Area and considered potentially sensitive to wind farm 
operation in Sub-section 7.6. 

7.8.4.2 Selected species include the breeding tern species, Black-naped Tern, Bridled 
Tern, the waterbirds Red-necked Phalarope and Cattle Egret, and the seabirds 
including Aleutian Tern, White-winged Black Tern and Black-tailed Gull. WBSE 
was not included in the calculation of collision risk, as no bird record was found 
within the proposed wind farm area and its 2km buffer. Roseate Tern was also 
excluded from the collision risk calculation, as no birds were observed flying at the 
“risk height” (i.e., heights within or above the rotor zone of 30m above water). 

7.8.4.3 The predicted numbers of collisions for the seven bird species per season are 
listed in Tables 7.22 – 7.35.  Cases of no avoidance and 95% avoidance action 
(where a probability of 95% is that an individual bird, or individuals within a flock, 
has a 95% chance to successfully avoid collision with the turbine when it make a 
transit past it) are presented in the following to demonstrate the conditions for both 
the worst case (no avoidance) and the typical (conservative) assumption for real 
situations respectively. 

1. Black-naped tern  

Table 7.22 Collision Rates of Black-naped Tern in Both the Worst Case and 
the Typical Condition for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 
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Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 3,080,439,000 3,080,439,000 3,080,439,000 3,080,439,000 

Rotor swept volume (Vr)(m
3) 1,815,764 1,815,764 1,815,764 1,815,764 

Proportion of time within flight risk 
volume (Pw) 

0.02% 0.05% 0% 0% 

Bird occupancy of flight risk volume 
(nw) (seconds/season) 

231.10 770.34 0 0 

Bird occupancy of swept volume (nr) 
(seconds/season) 

0.1362 0.4541 0 0 

Number of bird transits through rotor 
(per season) 

0.3070 1.0233 0 0 

Band collision risk - p(collision) 23.50% 23.50% 23.50% 23.50% 

Collision per season (no avoidance) 0.072145 0.240482 0 0 

Collision per season (95% 
avoidance) 

0.003607 0.012024 0 0 

 

Table 7.23 Collision Rates of Black-naped Tern in Both the Worst Case and 
the Typical Condition for Scenario B 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,160 4,332,149,160 4,332,149,160 4,332,149,160 

Rotor swept volume (Vr)(m
3) 1,975,584 1,975,584 1,975,584 1,975,584 

Proportion of time within flight risk 
volume (Pw) 

0.03% 0.07% 0% 0% 

Bird occupancy of flight risk volume 
(nw) (seconds/season) 

341.26 1137.53 0 0 

Bird occupancy of swept volume (nr) 
(seconds/season) 

0.1556 0.5187 0 0 

Number of bird transits through rotor 
0.3421 1.1404 0 0 
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Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

(per season) 

Band collision risk - p(collision) 16.21% 16.21% 16.21% 16.21% 

Collision per season (no avoidance) 0.055455 0.184850 0 0 

Collision per season (95% 
avoidance) 

0.002773 0.009243 0 0 

 

7.8.4.4 The Black-naped Tern was recorded during the Spring Migratory Periods in 2006 
and 2007 and the Summer Period 2006.  Under both Scenarios the predicted 
number of collisions is very low even without avoidance action, leading to the 
conclusion that collision risk for Black-naped Tern is negligible. 

2. Bridled Tern 

Table 7.24 Collision Rates of Bridled Tern in Both the Worst Case and the 
Typical Condition for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 
3,080,439,00

0 
3,080,439,000 3,080,439,000 3,080,439,000 

Rotor swept volume (Vr)(m
3) 1,849,862 1,849,862 1,849,862 1,849,862 

Proportion of time within flight risk 
volume (Pw) 

0.85% 1.76% 0.04% 0% 

Bird occupancy of flight risk volume 
(nw) (seconds/season) 

11,373.91 28,336.52 590.34 0 

Bird occupancy of swept volume (nr) 
(seconds/season) 

6.8303 17.0166 0.3545 0 

Number of bird transits through rotor 
(per season) 

7.8690 19.6044 0.4084 0 

Band collision risk - p(collision) 46.56% 46.56% 46.56% 46.56% 

Collision per season (no avoidance) 3.663997 9.128338 0.190174 0 

Collision per season (95% 
avoidance) 

0.183200 0.456417 0.009509 0 

 

Table 7.25 Collision Rates of Bridled Tern in Both the Worst Case and the 
Typical Condition for Scenario B 
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Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,160 4,332,149,160 4,332,149,160 4,332,149,160 

Rotor swept volume (Vr)(m
3) 2,011,775 2,011,775 2,011,775 2,011,775 

Proportion of time within flight 
risk volume (Pw) 

1.80% 3.71% 0.09% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

23,993.41 59776.24 1245.34 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

11.1421 27.7591 0.5783 0 

Number of bird transits through 
rotor (per season) 

12.5277 31.2110 0.6502 0 

Band collision risk - p(collision) 32.10% 32.10% 32.10% 32.10% 

Collision per season (no 
avoidance) 

4.021065 10.017922 0.208707 0 

Collision per season (95% 
avoidance) 

0.201053 0.500896 0.010435 0 

 

7.8.4.5 Bridled Tern was recorded in all seasons except for the two winter periods. For no 
bird avoidance, approximately 9 and 10 collisions are predicted for Bridled Tern for 
the Summer Period for Scenario A and Scenario B respectively.  However, 
assuming 95% avoidance as a conservative scenario as suggested by SNH, less 
than 1 bird collision is predicted in any season. The magnitude of collision risk for 
Bridled Tern is thus considered to be negligible. 

7.8.4.6 As Bridled Tern usually flies at low altitudes or near the water surface, the 
Scenario A turbine option would provide more vertical clearance between the rotor 
and sea surface and would thus give rise a lower collision rate for the species. 

3. Red-necked Phalarope 

Table 7.26 Collision Rates of Red-necked Phalarope in Both the Worst 
Case and the Typical Condition for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 3,080,439,000 3,080,439,000 3,080,439,000 3,080,439,000 

Rotor swept volume (Vr)(m
3) 1,773,140 1,773,140 1,773,140 1,773,140 

Proportion of time within flight 
risk volume (Pw) 

0.17% 0% 0% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

3612.48 0 0 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

2.0796 0 0 0 

Number of bird transits through 2.5995 0 0 0 
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Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

rotor (per season) 

Band collision risk - p(collision) 41.67% 41.67% 41.67% 41.67% 

Collision per season (no 
avoidance) 

1.083140 0 0 0 

Collision per season (95% 
avoidance) 

0.054157 0 0 0 

 

Table 7.27 Collision Rates of Red-necked Phalarope in Both the Worst 
Case and the Typical Condition for Scenario B 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,160 4,332,149,160 4,332,149,160 4,332,149,160 

Rotor swept volume (Vr)(m
3) 1,930,345 1,930,345 1,930,345 1,930,345 

Proportion of time within flight 
risk volume (Pw) 

0.55% 0% 0% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

11,432.00 0 0 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

5.0939 0 0 0 

Number of bird transits through 
rotor (per season) 

6.2078 0 0 0 

Band collision risk - p(collision) 28.76% 28.76% 28.76% 28.76% 

Collision per season (no 
avoidance) 

1.785410 0 0 0 

Collision per season (95% 
avoidance) 

0.089270 0 0 0 

 

7.8.4.7 Red-necked Phalarope was recorded during the two Spring Migratory Periods 
(2006 and 2007), the Summer Period 2007 and the Autumn Migratory Period 2007. 
However, all records of Red-necked Phalarope at the five point-count locations 
were obtained during the two Spring Migratory Periods and hence these data were 
used for calculating collision risk. 

7.8.4.8 The highest number of collisions predicted for Red-necked Phalarope is 
approximately 1.79 birds and 0.089 birds per season for Spring Migratory Period 
under Scenario B assuming no bird avoidance and under typical conditions, 
respectively. The magnitude of collision risk for Red-necked Phalarope is 
considered to be negligible. 

7.8.4.9 Like Bridled Tern, Red-necked Phalarope usually fly at lower altitudes and thus the 
predicted collision rates are relatively more sensitive to rotor heights. Less bird 
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collision was predicted for Scenario A due to more vertical clearance. 

4. Cattle Egret 

Table 7.28 Collision Rates of Cattle Egret in Both the Worst Case and 
Typical Conditions for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 3,080,439,000 3,080,439,000 3,080,439,000 3,080,439,000 

Rotor swept volume (Vr)(m
3) 1,913,798 1,913,798 1,913,798 1,913,798 

Proportion of time within flight 
risk volume (Pw) 

0.36% 0% 0% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

5901.36 0 0 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

3.664 0 0 0 

Number of bird transits through 
rotor (per season) 

5.8793 0 0 0 

Band collision risk - p(collision) 34.23% 34.23% 34.23% 34.23% 

Collision per season (no 
avoidance) 

2.012701 0 0 0 

Collision per season (95% 
avoidance) 

0.100635 0 0 0 

 

Table 7.29 Collision Rates of Cattle Egret in Both the Worst Case and 
Typical Conditions for Scenario B 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,000 4,332,149,000 4,332,149,000 4,332,149,000 

Rotor swept volume (Vr)(m
3) 2,079,634 2,079,634 2,079,634 2,079,634 

Proportion of time within flight 
risk volume (Pw) 

0.38% 0% 0% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

6224.50 0 0 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

2.9881 0 0 0 

Number of bird transits through 
rotor (per season) 

4.6800 0 0 0 

Band collision risk - p(collision) 23.57% 23.57% 23.57% 23.57% 

Collision per season (no 
avoidance) 

1.103062 0 0 0 

Collision per season (95% 0.055153 0 0 0 
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Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

avoidance) 

 

7.8.4.10 Cattle Egret was only recorded during the Spring Migratory Period 2007. The 
highest number of collisions per season predicted for Cattle Egret assuming no 
avoidance is approximately 2.0 for Scenario A and approximately 1.1 for Scenario 
B. Approximately 0.1 and 0.06 collisions per season were predicted for typical 
conditions for Scenario A and Scenario B, respectively. The magnitude of collision 
risk for Cattle Egret is considered to be negligible. 

5. Aleutian Tern 
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Table 7.30 Collision Rates of Aleutian Tern in Both the Worst Case and 
Typical Conditions for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 3,080,439,000 3,080,439,000 3,080,439,000 3,080,439,000 

Rotor swept volume (Vr)(m
3) 1,849,862 1,849,862 1,849,862 1,849,862 

Proportion of time within flight 
risk volume (Pw) 

0.02% 0.02% 0.50% 0.01% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

27.01 45.02 9958.41 22.92 

Bird occupancy of swept volume 
(nr) (seconds/season) 

0.0162 0.0270 5.9802 0.0138 

Number of bird transits through 
rotor (per season) 

0.0206 0.0343 7.5786 0.0174 

Band collision risk - p(collision) 42.34% 42.34% 42.34% 42.34% 

Collision per season (no 
avoidance) 

0.008703 0.014505 3.208483 0.007384 

Collision per season (95% 
avoidance) 

0.000435 0.000725 0.160424 0.000369 

 

Table 7.31 Collision Rates of Aleutian Tern in Both the Worst Case and 
Typical Conditions for Scenario B 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,160 4,332,149,160 4,332,149,160 4,332,149,160 

Rotor swept volume (Vr)(m
3) 2,011,775 2,011,775 2,011,775 2,011,775 

Proportion of time within flight 
risk volume (Pw) 

0.02% 0.02% 0.63% 0.02% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

34.19 56.98 12,604.43 29.01 

Bird occupancy of swept volume 
(nr) (seconds/season) 

0.0159 0.0265 5.8533 0.0135 

Number of bird transits through 
rotor (per season) 

0.0196 0.0327 7.2393 0.0167 

Band collision risk - p(collision) 29.18% 29.18% 29.18% 29.18% 

Collision per season (no 
avoidance) 

0.005731 0.009551 2.112723 0.004862 

Collision per season (95% 
avoidance) 

0.000287 0.000478 0.105636 0.000243 
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7.8.4.11 For Aleutian Tern the highest predicted number of bird collisions was about 3.2 for 
Autumn Migratory Period under Scenario A with no avoidance. For typical 
conditions and both scenarios the predicted number of collisions is minimal or 
negligible, and overall the results suggest a negligible risk. 

6. White-winged Black Tern 

Table 7.32 Collision Rates of White-winged Black Tern in Both the Worst 
Case and Typical Conditions for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 3,080,439,00 3,080,439,00 3,080,439,00 3,080,439,00 

Rotor swept volume (Vr)(m
3) 1,785,927 1,785,927 1,785,927 1,785,927 

Proportion of time within flight 
risk volume (Pw) 

0.40% 0% 0.08% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

3631.61 0 403.51 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

2.1055 0 0.2339 0 

Number of bird transits through 
rotor (per season) 

2.4120 0 0.2680 0 

Band collision risk - p(collision) 45.70% 45.70% 45.70% 45.70% 

Collision per season (no 
avoidance) 

1.102388 0 0.122488 0 

Collision per season (95% 
avoidance) 

0.055119 0 0.006124 0 

 

Table 7.33 Collision Rates of White-winged Black Tern in Both the Worst 
Case and Typical Conditions for Scenario B 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,160 4,332,149,160 4,332,149,160 4,332,149,160 

Rotor swept volume (Vr)(m
3) 1,943,917 1,943,917 1,943,917 1,943,917 

Proportion of time within flight 
risk volume (Pw) 

0.42% 0% 0.08% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

3830.46 0 425.61 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

1.7188 0 0.1910 0 

Number of bird transits through 
rotor (per season) 

1.9200 0 0.2133 0 

Band collision risk - p(collision) 31.55% 31.55% 31.55% 31.55% 
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Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Collision per season (no 
avoidance) 

0.605805 0 0.067312 0 

Collision per season (95% 
avoidance) 

0.030290 0 0.003366 0 

 

7.8.4.12 White-winged Black Tern was recorded within the proposed wind farm area(s) in 
all survey periods except the two winter periods (2006-2007 and 2007). However, 
only 5 bird individuals were recorded in the two Summer Periods and outside the 
fixed point-count locations. Therefore, only records from the two Spring Migratory 
Periods and the Autumn Migratory Periods were used for calculating bird collision 
risks. 

7.8.4.13 The highest number of collisions predicted for White-winged Black Tern under no 
bird avoidance condition is 1.1 for Spring Migratory Period under Scenario A. For 
typical conditions assuming 95% bird avoidance rate, all the predicted bird 
collision rates are negligible, though Scenario A generally gives a higher collision 
risk to White-winged Black Tern. The magnitude of collision risk for White-winged 
Black Tern is therefore considered to be negligible. 

7. Black-tailed Gull 

Table 7.34 Collision Rates of Black-tailed Gull in Both the Worst Case and 
Typical Conditions for Scenario A 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 3,080,439,000 3,080,439,000 3,080,439,000 3,080,439,000 

Rotor swept volume (Vr)(m
3) 1,892486 1,892486 1,892486 1,892486 

Proportion of time within flight 
risk volume (Pw) 

0% 0% 0% 0% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

0 0 0 0 

Bird occupancy of swept volume 
(nr) (seconds/season) 

0 0 0 0 

Number of bird transits through 
rotor (per season) 

0 0 0 0 

Band collision risk - p(collision) 30.65% 30.65% 30.65% 30.65% 

Collision per season (no 
avoidance) 

0 0 0 0 

Collision per season (95% 
avoidance) 

0 0 0 0 
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Table 7.35 Collision Rates of Black-tailed Gull in Both the Worst Case and 
Typical Conditions for Scenario B 

Season 
Spring 

Migratory 
Period 

Summer Period
Autumn 

Migratory 
Period 

Winter Period 

Flight Risk Volume (Vw) (m3) 4,332,149,160 4,332,149,160 4,332,149,160 4,332,149,160 

Rotor swept volume (Vr)(m
3) 2,057,014 2,057,014 2,057,014 2,057,014 

Proportion of time within flight 
risk volume (Pw) 

0% 0% 0.17% 0.25% 

Bird occupancy of flight risk 
volume (nw) (seconds/season) 

0 0 606.60 3844.43 

Bird occupancy of swept volume 
(nr) (seconds/season) 

0 0 0.2880 1.8254 

Number of bird transits through 
rotor (per season) 

0 0 0.5004 3.1715 

Band collision risk - p(collision) 21.13% 21.13% 21.13% 21.13% 

Collision per season (no 
avoidance) 

0 0 0.105744 0.670168 

Collision per season (95% 
avoidance) 

0 0 0.005287 0.033508 

 

7.8.4.14 Black-tailed Gull was only recorded within the proposed wind farm area(s) during 
the Autumn Migratory Period and the two Winter Periods. The collision risk of 
Black-tailed Gull is very sensitive to the rotor height. No bird individual was found 
flying within or above rotor height for Scenario A (where the vertical clearance is 
from water up to <35m) while approximately 10% of the species were recorded 
within the risk flight height for Scenario B for which the typical clearance between 
water surface and the rotor is 5m less than that in Scenario A (i.e. 0 - <30m). 
Therefore, collision risks were only predicted for Scenario B. 

7.8.4.15 For each of the surveyed season, the number of collisions predicted for Black-
tailed Gull in Scenario B is very low even the species takes no avoidance. It is 
therefore concluded that the magnitude of collision risk for Black-tailed Gull is 
considered to be negligible. 

7.8.5 Summary of Significance of Impacts on Avifauna 

7.8.5.1 Given the magnitude of all possible impacts resulted from construction and 
operation of the proposed wind farm are predicted to be negligible, and the lack of 
species of “very high” sensitivity in the Study Area or in the vicinity, the 
significance of impacts of the proposed wind farm on avifauna are predicted to be 
very low. 
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7.9 Mitigation Measures & Best Practice  

7.9.1.1 The location of the proposed wind farm has been selected to avoid any potential 
construction and operation impacts by avoiding concentrations of sensitive species 
(e.g. raptors, breeding terns) and their coastal habitats. The results of the baseline 
study indicate a low abundance of resident and migratory birds in the Study Area, 
and negligible collision risk has been predicted for all key species of conservation 
concern (Sub-section 7.8). 

7.9.1.2 To avoid any likely impacts resulted from the proposed development the best 
practice is to conduct pre-construction, during construction and post-construction 
monitoring. Requirements for the monitoring programme are recommended below. 

7.10 Environmental Monitoring & Audit 

7.10.1.1 It is recommended to conduct monitoring of changes in bird behaviour and 
collision during construction and operation of the proposed wind farm. The 
monitoring programme will require boat-surveys at intervals ranging from weekly to 
monthly during the second year of construction, and during operation for a period 
of 1 year.  The monitoring survey shall be conducted more frequently during bird 
migratory periods (the spring migratory and the autumn migratory periods) as most 
of the birds recorded in the Study Area belong to migratory bird species. 

7.10.1.2 The gathered field data shall be compared with the baseline data in terms of 
species occurrence, site utilization (distribution within or in close proximity to the 
wind farm area), and bird abundance and any bird behavioural information to 
determine any changes in bird response (e.g. whether there is a significant 
decrease in bird abundance, or change of site utilization preference for breeding / 
feeding grounds) to construction activities and wind farm operation.  Focused 
species surveys in term of bird tracking should be performed for breeding birds (i.e. 
terns and WBSE) if breeding colonies are found closed to the Wind Farm Area 
during construction and post-construction monitoring period. 

7.11 Conclusions & Recommendations 

7.11.1.1 An avifauna impact assessment has been conducted to address all the scoping 
opinions informed by the Clause 3.4.2 of the EIA Study Brief and additionally, to 
cover all other relevant issues concerning the potential impacts resulted from the 
proposed wind farm on avifauna. 

7.11.1.2 Results of the desktop study indicate no designated areas for conservation of 
avifauna within the desktop Study Area. General seabird populations within the 
area including passage migrants, visitor breeders and the resident seabird have 
been identified and reviewed. Ecological profiles of key species have been 
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established based on available information on distribution, abundance, breeding 
and foraging behaviour. 

7.11.1.3 A total of 57 bird species were identified in the Study Area by boat surveys 
between May 2006 and December 2007, among which several species or species 
groups are considered of relatively higher sensitivity due to their conservation 
significance, distribution and / or abundance within the Study Area (Sub-section 
7.6). These species include White-bellied Sea Eagle, the breeding terns, Red-
necked Phalarope, Black-tailed Gull and Cattle Egret, Aleutian Tern and White-
winged Black Tern. 

7.11.1.4 The impact assessment suggests that potential impacts on all birds resulting from 
construction and operation of the proposed wind farm will not be significant. The 
SNH model has been used and predicts negligible collision risk for all the most 
sensitive species in the Study Area based on their distribution and abundance 
information obtained from boat based field surveys. The significance of 
construction and operation impacts on avifauna is anticipated to be very low. 

7.11.1.5 Overall, the proposed wind farm is considered to have no adverse impacts on 
avifauna. However, it is regarded as best practice to conduct monitoring for bird 
abundance and bird collision during construction and operation of the wind farm as 
recommended in Sub-section 7.10.  
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8 Fisheries 

8.1 Introduction 

8.1.1.1 This section presents the approach to and the findings of the fisheries baseline 
assessment and the project impact assessment. 

8.1.1.2 The purpose of the assessment is to examine all fisheries resources within the 
assessment area to ensure their protection. 

8.2 Objectives  

8.2.1.1 The aim of the fisheries impact assessment is to evaluate baseline conditions and 
assess the potential short-term and long-term impacts on the local fishing industry 
from development of the proposed Project. 

8.2.1.2 The fisheries impact assessment has been conducted in accordance with the 
criteria and guidelines in Annexes 9 and 17 respectively of the EIA-TM, and with 
reference to the following requirements as stated in Clause 3.4.2 of the EIA Study 
Brief: 

 Review the findings of relevant studies/surveys and collate the available 
information regarding the ecological characters of the assessment area; 

 Describe the physical environment background and describe and quantify 
existing capture and culture fisheries activities; 

 Identify and quantify any impacts of fisheries during Project construction 
and operation; 

 Evaluate impacts and make recommendations for any mitigation measures 
required to protect fisheries, including inter alia staff and financial 
implications for subsequent management and maintenance; and 

 Review the need for monitoring and, if necessary, recommend a monitoring 
and auditing programme. 
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8.3 Legislation, Standards & Guidelines 

8.3.1.1 In addition to the requirements of the EIAO (Cap. 499), the following statutory 
requirements are also applicable: 

 Fisheries Protection Ordinance (Cap. 171) exists “to promote the 
conservation of fish and other forms of aquatic life within the waters of Hong 
Kong and to regulate fishing practices and to prevent activities detrimental 
to the fishing industry.”; and 

 Marine Fish Culture Ordinance (Cap. 353) exists to protect any fish in any 
fish culture zones from being injured; as well as to protect the waters in fish 
culture zones from pollution. 

8.4 Assessment Approach 

8.4.1 Desk-top Review 

8.4.1.1 A desk top review was undertaken to provide background data and information on 
the development of local commercial fisheries. Key references included various 
research studies and scientific papers from local tertiary institutes, and data from 
Port Survey 1996/1997, 2001/2002 and 2006. 

8.4.2 Geophysical Survey 

8.4.2.1 A marine geophysical survey was conducted in August 2006 to detect anomalies 
on the seabed.  This survey is able to produce a record of substrate type and 
condition, and is a useful method for indicating the intensity of trawling activity in 
offshore waters.  Trawl marks may be identified by side-scan sonar that clearly 
represents the surface profile across the surveyed areas.  Distinctive ploughing 
features may be evident, from trawling and readily identified" 

8.4.3 Marine Radar Data Analysis 

8.4.3.1 In parallel with the EIA Study, BMT conducted a Marine Navigational Safety Risk 
Assessment (MNSRA) for the Project. Marine traffic radar data collected between 
June and September 2006 were analysed to estimate the intensity of fishing 
activity in the wind farm area. Figure 8.1 displays the coverage of this survey. 

8.4.3.2 The collected radar data provided information on vessel movements, including the 
position (in terms of x and y), vessel speed, direction and vessel length & beam.  
Using this data it was possible to isolate data specifically associated with fishing 
vessels to generate a credible representation of the intensity of fishing activity. 

8.4.3.3 Historical data cited by Leung (2003) indicated that active trawlers in HKSAR 
waters operate at less than 6 knots and have a typical length up to 40 metres as 
presented in Table 8.1 and Table 8.2, respectively. 
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8.4.3.4 The radar data sought to discriminate fishing vessels from other types of vessels 
using the following criteria proposed by BMT, however it is noted that the particular 
type of vessel cannot be defined : 

 Sizes < 40 metres 

 Conservative trawling speed < 6 knots; and 

 Looping route patterns characteristic of trawling activity. 

 

Figure 8.1 Field Survey Study Area – Marine Traffic Radar Data Coverage  

 
 

Table 8.1 Typical Trawling Speed 

Pair & stern trawl1 Shrimp trawl2 Unit 

3.1 3 Nm/hr 

5.7 5.6 Km/hr 

 
 

Notes: 1. AFCD Pair and Stern Trawl Survey (1992 – 1995) 

 2. AFCD’s Shrimp Trawl Survey (1981 – 1982) 

Source: Leung A.W.Y. (2003). 
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Table 8.2 Typical Vessel Sizes 
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Distribution (m) 

<5.00 252     11 20 57 1 139 24 

5.0 - 9.9 2,325    21 103 30 185 27 1,593 366 

10.0 - 14.99 455   1 44 58 48 134 76 3 91 

15.0 - 19.99 254 5 27 2 100 52 18 29 17 4  

20.0 - 24.99 563 39 101 4 246 73 51 30 1   

25.0 - 29.99 736 381 82 12 97 47 46 71    

30.0 - 34.99 218 156 11 6 7 16 1 21    

>35.0 6 4 1   1      

All Sizes 4,809 585 222 25 515 361 214 527 122 1,739 499 

Mean size (m) 18.8 28.5 24.2 26.1 20.8 16.8 18.3 14.8 12.5 5.6 8.5 

 

Note: * Mariculture craft 

Source: Leung A.W.Y. (2003).  

8.4.3.5 Table 8.2 supports the view that any assessment of fishing vessel activity from 
remote sensing by radar should focus on the  movement of vessels of under 40m 
Length.  

8.4.4 Boat-Based Observations of Fishing Activity 

8.4.4.1 An opportunistic series of boat-based observations were conducted between 
January and July 2007 in parallel the Marine Mammal Survey to support the 
findings of the radar marine traffic analysis.  These boat-based surveys were 

conducted when the sea-states were calm, i.e. Beaufort scale  3.  Figure 8.2 

illustrates the observation locations.  
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Figure 8.2 Boat-Based Observation Locations 

 
 

8.4.5 Semi-Structured Fishermen Survey 

8.4.5.1 With the assistance of a group of retired fishermen, a focussed questionnaire was 
developed with which to interview fishermen from Shau Kei Wan, Lei Yue Mun, Sai 
Kung and Aberdeen homeports. The rationale for selecting these homeports was: 

 A large proportion of fishing activity in Eastern Waters is derived from Shau 
Kei Wan.  Thus, this survey group is familiar with fishing activity in the Study 
Area. 

 Sai Kung and Lei Yue Mun represent two homeports in relative proximity to 
the Study Area that traditionally fished in Eastern Waters. Both of these 
homeports support only a small number of boats still engaged in fishing, 
with many boat owners having made the transition into other industries. 

 Aberdeen was selected as it is the largest homeport in Hong Kong, although 
on the opinion of the pre-consultation with the retired fishermen it was 
anticipated that fishing activity from this port would be focussed in Southern 
and Western Waters. 

 The costs of operating fishing vessel, notably fuel costs, generally preclude 
significant fishing activity in the Study Area derived from other homeports.  
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8.4.5.2 The survey sample size was targeted at around 70 interviewees, with this target 
being roughly double those from previous semi-structured surveys (Sumaila et al, 
2007; Sadovy et al., 2004). 

8.4.5.3 The survey questionnaire was developed to collect the following information: 

 Crew size & nationality; 

 Primary fishing grounds, fishing effort and fishing seasons; 

 Target species; 

 Commonly caught species; 

 Reasons for selection of primary fishing grounds; and more generally 

 Actual and perceived threats to the fishing industry and the most effective 
ways to increase fisheries resources in Eastern Waters. 

 

8.4.5.4 The target interviewees were boat captains who manage and / or own fishing 
vessels > 15 m that are capable of operating in exposed waters.  The 
questionnaire is presented in Appendix 8A. 

8.5 Fisheries Baseline – Literature Review 

8.5.1 Historical Overview of Hong Kong Capture Fisheries 

8.5.1.1 From the second half of the 20th century the local commercial fishing industry has 
experienced various transitions.  Government loans in the 1950s enabled rapid 
growth in fleet size and fishing effort and, with improvements in fishing equipment, 
by the 1960s there had been a substantial increase in the size of the capture 
fisheries industry.  The catch per unit effort for trawlers at this time was ~90-140 kg 
per haul (Cheung et al, 2004). 

8.5.1.2 By the 1970s the decline of the industry was becoming apparent, with smaller 
pelagic fish such as sardines the dominant catch and the catch per unit effort 
showing signs of decline. In the 1980s species such as groupers and croakers had 
become uncommon catches and a general decline in the finfish catch was 
observed, with the trawler catch per unit effort having fallen to ~15 kg per haul 
(ibid).  Through the 1990s the average trawler catch was ~10 kg with juvenile fish 
comprising most of the catch (Leung, 2000). 

8.5.1.3 By the end of the 1990s the local catch of fishes and invertebrates had declined 
significantly over the prior 50 years, with an estimated 80% decline in fish biomass 
over this period (Lee et al., 2000; Leung and Leung, 2000; Cheung, 2001). 
Additional information on historical fisheries productivity is presented in Section 
6.5.3.  The continued decline in the local capture fisheries industry in more recent 
years is reflected by the decrease in fishing vessels and fishermen, as displayed by 
Figure 8.3 and Figure 8.4, respectively.  
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Figure 8.3 Number of Fishing Vessels (1967 and 2001 – 2006) 
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Figure 8.4 Number of Fishermen (1967 and 2001 – 2006) 
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Sources: AFCD Annual Reports (2001-2007) and Williamson (1968)  

 

8.5.1.4 Figure 8.5 shows that the greatest decline in vessel category is a ~30% drop in 
‘miscellaneous’ craft which comprise small boats employing lining, netting and 
trapping techniques to target more expensive species like rockfish and snapper 
(Sumaila et al, 2007).  This decline reflects a general decrease in catch size and 
quality. 
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Figure 8.5 Composition of Fishing Fleet (AFCD, 2001 – 2007)  

 

Source: AFCD Annual Reports (2001-2007) 

8.5.2 Capture Fisheries in the Study Area 

8.5.2.1 Table 8.3 summarises the top ten most commonly caught species reported by the 
three Port Surveys conducted in 1996/1997, 2001/2002 and 2006.  The similarity in 
species composition suggests the marine ecosystem stabilised at a depressed 
level between surveys. 

Table 8.3 Top 10 Most Commonly Caught Species 

Rank 96/97 Port Survey 01/02 Port Survey 2006 Port Survey 

1 Mixed fish  Mixed fish Mixed fish  

2 Scad  Rabbit fish Scad  

3 Sardine Sardine Shrimp 

4 Croaker Croaker Rabbit fish 

5 Anchovy Scad  Squid 

6 Crab Squid Croaker 

7 Rabbit fish Shrimp Crab 

8 Shrimp Anchovy Mullet 

9 Pony Fish  Crab Sardine 

10 Rock fish Sea bream Sea bream 
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8.5.2.2 In order to enable a comparison of fishing activity, Table 8.4 presents an indicative 
ranking system developed with reference to Port Surveys 2001/2002 and 2006. 

Table 8.4 Fishing Activity Ranking 

Ranking Number of Fishing Vessels active in region (*) 

None 0 

Negligible >0 & 10 

Very Low 10 – 50  

Low 50 – 100  

Moderate 100 – 400  

High  400 – 700  

Very High  700 – 1000  

(*)  http://www.afcd.gov.hk/english/fisheries/fish_cap/fish_cap_latest/fish_cap_latest.html 

8.5.2.3 Figure 8.6 and Figure 8.7 illustrate the coverage and the zonation of fishing areas 
from the Port Survey studies across the Study Area. 

Figure 8.6 Fishing Areas based on Port Survey 1996/1997   
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Figure 8.7 Fishing Areas based on Port Surveys 2001/2002 and 2006 

 

 

8.5.2.4 Table 8.5 summarises the level of fishing activity within the Study Area based on 
the Port Survey studies.  It appears that only small number of vessels >15 m length 
(classed as large vessels for the purposes of this assessment) operate within the 
Study Area, with most found around the Ninepin Islands. 

8.5.2.5 Vessel use of the fishing areas defined for Port Survey 2001/02 and 2006 is more 
easily interpreted, and the dominance of vessels < 15 m length (classed as small 
vessels) in coastal waters is evident. 

Table 8.5 Fishing Activity in the Selected Fishing Areas 

Port Survey Area Vessels < 15 m Vessels > 15 m 

Zone A Very High Very Low 

Zone B Moderate Very Low 

Zone C Moderate Very Low 

Zone D Moderate Very Low 

Zone E Moderate Very Low 

1996/1997 

Zone F Negligible Negligible 
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Port Survey Area Vessels < 15 m Vessels > 15 m 

Tseung Kwan O Moderate Negligible 

Tung Lung Chau Moderate / High Negligible / Very Low 

Cable Route Very Low / Moderate Low / Moderate 

Ninepins High / Very High Moderate 

2001/2002 
and 2006 

Wind Farm Negligible / Very Low Very Low / Moderate 

 

8.5.2.6 With reference to the above table, Port Survey data consistently suggests there is 
little fishing activity in offshore waters, although the Port Survey 2006 data notably 
suggests an increase in larger vessels activity in the vicinity of the proposed wind 
farm relative to both earlier Port Surveys (i.e., “Negligible / Very Low” (1996/97), 
“Very Low” (2001/02) and “Very Low / Moderate” (2006)). 

8.5.2.7 Port Survey 2006 data also suggests that fishing activity by small and large vessels 
alike in all areas of offshore Eastern Waters (north and south) except near the 
proposed wind farm remains “Negligible / Very Low”.    

8.5.2.8 A baseline review of capture fisheries productivity has also been conducted.  Table 
8.6 displays a productivity ranking system that has been devised based on Port 
Survey 2001/02 and 2006 to support the baseline review. 

Table 8.6 Fisheries Productivity Ranking  

Ranking 
Overall Value  

(HK$ / ha) 

Adult Fish  

(kg / ha) 

Fry  

(tails / ha) 

By Species  

(kg / ha) 

None 0 0 0 0 

Negligible >0 & 500 >0 & 50 >0 & 50 5 

Very Low 500 – 1K 50 – 100 50 – 100 5 – 10  

Low 1K – 2K 100 – 200 100 – 500 10 – 20  

Moderate 2K – 5K 200 – 400 500 – 1k 20 – 40  

High  5K – 10K 400 – 600 1K – 2K 40-60 

Very High  10K– 20K 600 – 1K 2K – 3K >60 
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8.5.2.9  

8.5.2.10 Table 8.7 summarises the relative productivity of capture fisheries in the Study 
Area using the ranking system displayed in Table 8.6. 

 

Table 8.7 Fish Productivity across the Study Area 

Port Survey Area 
Overall Value 

(HK$ / ha) 

Adult Fish 

(kg / ha) 

Fry 

(tails / ha) 

Zone A High Low Very Low 

Zone B Moderate Low  Negligible 

Zone C Moderate Moderate Very Low 

Zone D Moderate Moderate  Very Low 

Zone E Moderate Low  Negligible 

1996/1997 

Zone F Negligible Negligible None 

Tseung Kwan O Moderate Low  Negligible 

Tung Lung Chau Moderate / High Low / High Negligible 

Cable Route Low / Moderate Low / Moderate Negligible 

Ninepins High / Very High Very High Negligible 

2001/2002 
and 2006 

Wind Farm Negligible / Low Negligible / Low None / Negligible 

 

8.5.2.11 From the above table it is apparent that the reported productivity of capture 
fisheries in the Study Area of the proposed project has remained fairly stable over 
the past decade.  The Port Survey data from 2001/02 and 2006 suggests that 
overall dollar catch value and adult fish productivity is consistently high around the 
Ninepin Islands and mostly low in waters further offshore, including the location of 
the proposed wind farm.  Adult fish productivity along the cable route and at Tung 
Lung Chau is somewhat variable, possibly reflecting differences in fishing practice 
and specific location. 

8.5.2.12 All three Port Survey studies indicate that Eastern Waters has negligible or very 
low fish fry productivity, and this suggestion is consistent with the findings of the 
systematic ichthyoplankton surveys conducted in Eastern Waters in 1994 as 
referred in sub-section 6.5. 
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8.5.2.13 As regards the species present in the Study Area and making use of data from the 
latest Port Survey 2006, Table 8.8 presents the most commonly caught species in 
HKSAR waters (Table 8.3 refers) and presents the productivity of each of these 
species across the Study Area. 

Table 8.8 Productivity of Top HKSAR Species in the Study Area 

Fish Species 
Tseung 
Kwan O 

W & S Tung 
Lung Chau 

Offshore 
Cable 

Ninepins Wind Farm  

Scad Negligible Negligible Very Low Very High 
Negligible to 

Low 

Shrimp Negligible Negligible 
Low to 

Moderate 
Low to 

Moderate  
Negligible to 

Moderate 

Rabbitfish 
Moderate to 

High 
Moderate Very Low Moderate Negligible 

Squid Negligible Negligible Low 
High to Very 

High 
Negligible to 

Very Low 

Croaker 
Negligible  to 

Very Low 
Very Low to 

Low 
Very Low Moderate 

Negligible to 
Very Low 

Crab 
Very Low  to 

Low 
Low  Very Low Low 

Negligible to 
Low  

Mullet  Negligible Negligible Negligible Low 
None to 

Negligible 

Sardine 
Negligible to 

Very Low 
Negligible to 

Very Low 
Very Low Low Negligible 

Seabream 
Low to 

Moderate 
Very Low to 

Low 
Negligible Low Negligible 

Source: AFCD, Port Survey 2006 (no data available for ‘mixed fish’) 

 

8.5.2.14 The above data displays the generally negligible productivity for the most common 
species in the vicinity of the wind farm, although productivity for certain species is 
locally high around the Ninepins. Productivity of all other HKSAR-wide common 
species is generally not high in other waters of the study area. 

8.5.3 Mariculture in the Study Area 

8.5.3.1 Common mariculture species in the HKSAR are various species of groupers and 
snappers, and pompano.  Fry for mariculture are mainly imported from the 
Mainland (PRC), Taiwan, Thailand, Philippines and Indonesia (www.afcd.gov.hk). 

8.5.3.2 There are currently 1,066 licensed mariculture operators across 26 fish culture 
zones in the HKSAR, with these zones collectively occupying a surface area of 
~209 hectares.  Nine of the 26 fish culture zones are located in the vicinity of the 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 8 - Page 14 
 
 

Study Area.  Table 8.9 summarises the nine zones, with their locations displayed 
by Figure 8.8. 

8.5.3.3 Tung Lung Chau is the largest fish culture zone in the Study Area and is 
understood to function, in part, as a temporary holding area for imported live fish 
(pers com).  This fish culture zone is also the closest to proposed dredging works 
at Junk Bay and jetting works in the Tathong Channel, and thus may potentially be 
exposed to increased suspended solids and / or decreased dissolved oxygen 
levels during these activities. 

Table 8.9 Summary of Fish Culture Zones in the Study Area 

ID Fish Culture Zones 

1 Leung Shuen Wan 

2 Tai Tau Chau  

3 Tiu Cham Wan 

4 Kau Sai  

5 Kai Lung Wan  

6 Ma Nam Wat  

7 Po Toi O  

8 Tung Lung Chau  

9 Po Toi. 

Source: AFCD, 2008 
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Figure 8.8 Mariculture Zone Locations 

 
Source: AFCD website 

 

8.5.4 Spawning and Nursery Sites 

8.5.4.1 Key species recorded by the 1998 Fisheries Resources and Fisheries Operations 
report that spawn in eastern inshore waters include Apogon Quadrifasciatus 
(Twostripe cardinal), Parapristipoma Trilineatum (Chicken grunt), Sebasticus 
Marmoratus (False Kelpfish), Trichiurus Haumela (Hairtail), Upeneus Sulphureus 
(Sulphur goatfish) and Upeneus Tragula (Freckled goatfish).   

8.5.4.2 The 1998 report notes that areas in eastern inshore waters of Sai Kung and 
including the coastal perimeter of Sharp Island, Basalt Island, Waglan Islands and 
the Ninepin Islands, “at certain times of the year, appear to be important spawning 
grounds for commercial species.”  

8.5.4.3 The 1998 report also identifies that the most important nursery sites of commercial 
species in Hong Kong lie in Northeast Waters, within Port Shelter, south of Lamma 
Island and south of Lantau.  
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8.6 Fishery Baseline – Field Surveys 

8.6.1 Marine Geophysical Survey  

8.6.1.1 As illustrated by Figure 8.9, the side scan sonar survey was able to identify discreet 
trawl marks on the seabed at the proposed wind farm area.  These marks are 
relatively sparse across an area of about 16km2, suggesting that trawling is limited. 

Figure 8.9 Trawl Marks at the proposed Wind Farm 

 
Source: Cosine Limited, 2006 

 

8.6.1.2 However, it may be considered that trawl marks do not easily persist in the soft 
sediments of the wind farm site, and hence are not an absolute marker of trawling 
activity, but may provide information on the distribution.  On this basis it is identified 
that the principal area for trawling activity is focussed on the north-east corner of 
the site. 

8.6.1.3 Figure 8.10 illustrates a sample of trawl marks, in this case from the firmer 
sediments of the Tathong Channel. 
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Figure 8.10 Trawl Marks in Tathong Channel 

 
Source: Cosine Limited, 2006 

 

8.6.2 Marine Traffic Radar Data Analysis 

8.6.2.1 Figure 8.11 illustrates the distribution of sampled fishing activity between June and 
early July, during the fishing moratorium in the South China Sea.  It is evident that 
most fishing activity is limited to inshore waters and those around the Ninepin 
Islands.  The proposed wind farm site is not within the main fishing area in Eastern 
Waters. 
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Figure 8.11 Fishing Intensity in the Study Area 

 
Note: Intensity illustrated on the basis of total track length per grid square 

8.6.3 Boat-Based Observations 

8.6.3.1 Figure 8.12 displays all fishing vessels recorded during boat-based observations 
between January and July 2007. More detail on vessel observations is presented in 
Appendix 8B.   

8.6.3.2 In order to facilitate data analysis vessels were broadly divided into two categories: 
trawlers and non-trawlers.  Trawlers include stern, pair, hang and shrimp trawlers, 
while non-trawling vessels comprise purse seiners, gill-netters, long liners, hand 
liners and sampans.  Figure 8.13 and Figure 8.14 display the density of trawler and 
non-trawler vessels, respectively. 

8.6.3.3 It is apparent that the densities in these figures corresponds strongly with the 
findings of the Marine Radar Data Analysis (Figure 8.11 refers) and with data from 
the Port Survey studies (Table 8.5 refers). 

8.6.3.4 Figure 8.13 indicates that trawling is concentrated in waters south of the wind farm, 
with some activity in waters to the northwest and east of the wind farm, but little 
within the proposed wind farm area.  Figure 8.14 illustrates that non-trawling 
activity is focussed around more sheltered islands, notably west of the Ninepin 
Islands and Basalt Island, although there were also observations of these small 
vessels offshore when sea state was very calm (i.e., Beaufort scale ≤ 2).  The 
activity of small vessels near the proposed wind farm appears to be very low. 
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Figure 8.12 Overall Distribution of Fishing Vessels (January – July 2007) 

 

Figure 8.13 Trawler Fishing Intensity (January – July 2007) 
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Figure 8.14     Non-Trawl Fishing Intensity (January – July 2007)  
 

 
 

8.6.3.5 As the “Reference Sheet” in Appendix 8B shows trawlers use fishing gear that is 
distinctively different from non-trawlers, and the boat-based observers using 
binoculars with at least 10X magnification could clearly make this distinction. 
However, it should be noted that the smaller vessels, such as those illustrated as 
"Gill Netting" and "Hand Lining" vessels on the Appendix 8B  "Reference Sheet ", 
can switch fishing gears flexibly between gill netting, long-lining and hand lining, or 
other methods. Hence, the identification of specific vessel types contains a level of 
uncertainty for these smaller vessels, particularly when viewed from a distance.   
As such the fishing type illustrated in Figure 8.12 is representative rather than 
definitive. 

 

8.6.4 Semi-Structured Fishermen Survey 

8.6.4.1 Semi-structured interviews with 68 fishing boat captains from Shau Kei Wan, Lei 
Yue Mun, Sai Kung and Aberdeen were conducted between February and early 
March 2007. 

8.6.4.2 Figure 8.15 presents the breakdown of interviewees to homeport.  Most interviews 
were held at Shau Kei Wan which supports a relatively large number of vessels 
fishing in Eastern Waters.  Very few fishing vessels were harboured in Sai Kung or 
Lei Yue Mun, with only a small number of interviewees from these homeports.  
Aberdeen boat captains were the second largest group interviewed as it is the 
largest homeport in the HKSAR. 
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8.6.4.3 Figure 8.16a and b show the type of fishing gear used by the interviewees.    

Figure 8.15 Homeports of Interviewed Boat Captains 
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4% 1%
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Lei Yue Mun

 

Figure 8.16a Fishing gear operated by Homeport 

 

Figure 8.16b Fishing Gear of Interviewed Captains 
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8.6.4.4 All vessels are family-owned with an average of four crew members per vessel on 
board.  An average of two family members work on board, with other crew recruited 
from the Mainland to minimise operating costs. 

8.6.4.5 Figure 8.17 displays the primary fishing grounds with have been broadly defined as 
eastern, southern, south-eastern and Port Shelter.  According to the interviewees, 
most fishing activity is conducted in ‘hot spots’ around Po Toi and the Ninepin 
Islands which is entirely consistent with the marine traffic radar data and visual 
observations of fishing activity made during the fisheries baseline studies. 

Figure 8.17       General fishing grounds 

 
 

8.6.4.6 Figure 8.18 illustrates the relationship between homeport and fishing ground.  It is 
noted that about ~40% of Shau Kei Wan respondents fished exclusively in Eastern 
Waters, while almost all Aberdeen respondents reported that their primary fishing 
ground was Southern Waters.  Only Shau Kei Wan fishermen reported activity at 
both the Ninepin Islands and Po Toi, with no interviewees from other homeports 
claiming the same combination of fishing ground activity.  The Sai Kung fishermen 
reported to primarily fish within Port Shelter. 
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Figure 8.18  Primary Fishing Ground of the Interviewed Fishers  
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8.6.4.7 Specific observations of the homeports visited were made during the survey: 

 Aberdeen is clearly still a very important homeport for commercial fishing, and 
many large vessels were observed.  Many interviewees reported that Po Toi, 
Lamma Island and Cheung Chau were favoured fishing locations. 

 Shau Kei Wan is a smaller homeport than Aberdeen with fewer commercial 
fishing vessels, particularly larger sized vessels.  Quite a number of small 
recreational craft were moored there.  Most interviewees reported fishing 
around the Ninepin Islands, while some reported Po Toi Islands and outside 
Stanley Bay. 

 Sai Kung is dominated by recreational vessels.  Only a few small craft were 
evident at the homeport, with few commercial fishing vessels seen. 

 Lei Yue Mun was described as “dead” by interviewees as only two large (>15m) 
commercial fishing vessels were seen during two visits. 

 

8.6.4.8 From all interviewees, a total of 23 species of fish species were reported as being 
among the ‘top five’ most commonly caught fish.  Figure 8.19 presents a summary 
of common caught species, with data for Shau Kei Wan isolated as a proxy for the 
general catch in Eastern Waters. 

8.6.4.9 Shau Kei Wan respondents reported 16 common species (excluding fry and mixed 
fish) with the common catch being ‘shrimp’, ‘crab’, flathead, tongue sole and 
croaker.  Only Shau Kei Wan interviewees also reported scad among the common 
catch, with the Port Survey 2006 indicating very high productivity of this species 
around the Ninepin Islands (Table 8.8 refers).  The same data indicates that the 
productivity of ‘shrimp’ and ‘crab’ in offshore Eastern Waters is generally low. 
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Figure 8.19 Commonly caught species by all respondents  

 
 

8.6.4.10 With reference to Figure 8.19 the top ten most commonly caught species have 
been identified and an indicative value has been assigned based on mean 
wholesale prices (HK$ / kg) as published by the Fish Marketing Organization (FMO) 
in October 2007.  Table 8.10 presents this value ranking system, and Table 8.11 
summarises the assigned value for the species brought to Sha Kei Wan homeport. 

Table 8.10 Indicative species value ranking system 

Ranking Wholesale Price (HK$ / kg) 

Very Low up to 10 

Low  11 – 30  

Moderate 31 – 60  

High 61 – 91 

Very High  >90 
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Table 8.11 Value of common catch from Shau Kei Wan 

Common Name Commercial Value 

Shrimp  Low to high  

Crab  Low to high 

Flathead  Low  to medium 

Tongue sole Not available 

Croaker  Not available  

Golden thread Very low to low  

Promfret  Low  to medium 

Cardinal fish Very low 

Mackerel  Very low  

Hairtail  Low  

 

8.6.4.11 With reference to Table 8.11 it is apparent that the finfish species caught in Eastern 
waters are of relatively low commercial value, although the value of the 
crustaceans varies according to species and age. 

8.6.4.12 The survey also asked fishermen the reasons for selection of preferred fishing 
grounds and reported four important factors (in order): 

1. Proximity to homeport 

2. Sea state 

3. Abundance of fish resources 

4. Familiarity with fishing ground(s) 

 

8.6.4.13  

8.6.4.14  

8.6.4.15  

 

8.6.4.16 Figure 8.20 summarises the responses. The main reason for selection was 
proximity to homeport which was stated as a crucial factor in controlling fuel costs 
which continue to rise. The abundance of fish and familiarity with the fishing 
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ground(s) were reported as being of less importance. 

 
 
 
 

Figure 8.20 Criteria for selection of primary fishing ground(s) 
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8.6.4.17 Following on from a more general discussion of threats facing the fishing industry 
six issues were identified: 

 Dredging and mud disposal were referred as the main threat, with these 
activities considered to be the key reasons for the decline in fish abundance 
over the past two decades. 

 Pollution was identified as the second biggest threats to the local fishing 
industry.  

 Illegal fishing practices, particularly the reported use of indiscriminate electro-
fishing by Mainland fishermen. 

 Rock armour protection for submarine pipelines it was felt was responsible for 
damaging trawler nets, and a particular problem for vessels without sonar. 

 Competition from Mainland fishermen illegally operating in HKSAR waters. 

 Scarcity of marine resource within HKSAR waters was only considered by a 
small number of respondents to be a threat to the local fishing industry. 
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8.6.4.18 Figure 8.21 presents the relative significance of these threats. 

Figure 8.21      Threats to the local fishing industry 
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8.6.5 Formal Consultation with Fisheries Organisations 

8.6.5.1 A series of formal consultation meetings have been held with fisheries 
organisations. The key concerns raised by organisations consulted are as follows: 

 Seabed impacts from Project construction creating major disturbance and 
fish kills. 

 Implications for fishing vessel access into the wind farm, and if the Project 
would further reduce the fishing ground. 

 Navigation and safety hazards from the presence of wind turbines. 

 Concern regarding the responsiveness of emergency rescue. 
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8.7 Construction Phase Impact Assessment 

8.7.1 Introduction 

8.7.1.1 Potential impacts on fisheries during Project construction are: 

 A decline in water quality associated with dredging, jetting and / or 
foundation installation. 

 An increase hazard to fishing vessels due to increase in construction vessel 
movements; and 

 Temporary loss of fishing ground due to necessary construction activity. 

 Temporary, localized disturbance to spawning grounds due to jetting works. 

8.7.2 Water Quality  

8.7.2.1 The Project will require cabling which will involve dredging in Junk Bay and jetting 
in the remaining area. There shall also be foundation installation activities for the 
wind turbines and the offshore transformer station. 

8.7.2.2 All fish culture zones in the Study Area and potential sensitive receivers included in 
the numerical assessment of water quality impacts (Section 4 refers).  Table 8.12 
summarises the water quality results for unmitigated construction activities. 

Table 8.12 Predicted suspended sediment concentrations (in mg/L) at 
representative fisheries receivers: Unmitigated Scenario 

Unmitigated concentration* / Scenario 

Fish Culture Zone / ID Peak Baseline 

1 2 3 4 5 

Ma Nam Wat (FCZ1) 3 3 3 3 3 3 

Kau Sai (FCZ2) 41 41 41 41 41 41 

Kai Lung Wan (FCZ3) 3.9 3.9 3.9 3.9 3.9 3.9 

Leung Shuen Wan (FCZ4) 130 130 130 130 130 130 

Po Toi O (FCZ5) 8.1 8.1 8.1 8.1 8.1 8.1 

Tung Lung Chau (FCZ6) 8.4 8.4 8.4 8.4 8.4 8.4 

Tai Tau Chau (FCZ7) 16 16 16 16 16 16 

Po Toi (CC29) 15 15 15 15 15 15 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 8 - Page 29 
 
 

 

8.7.2.3 Despite the proposed cable installation activity in the Tathong Channel, the 
modelling results indicate that levels of suspended sediment at the Tung Lung 
Chau fish culture zone will not exceed baseline levels.  Levels of dissolved oxygen 
at the fish culture zone will also not be affected by cable installation.  Accordingly, 
there shall be no adverse impacts at any fish culture zone during construction. 

8.7.2.4 With regard to capture fisheries, Table 8.13 displays the predicted mixing zone 
associated with marine construction activities. 

Table 8.13 Mixing zone radii for marine construction activities 

Construction method 

 

Jetting Dredging Suction Caisson 

Dry < 130 m <180 m < 190 m 

Wet <120 m < 180 m < 190 m 

m above seabed 1.5 – 3.0 Entire water column < 10 m 

 

8.7.2.5 As fish are highly mobile and the large volume of seawater in which to swim, the 
relatively small mixing zones are not anticipated to cause any significant adverse 
impacts on capture fisheries. 

8.7.2.6 As demonstrated by Port Survey data, fish fry productivity is negligible in the Study 
Area although water quality impacts are not in any case anticipated.  No areas of 
coral reef that could potentially offer localised spawning and nursery habitat for 
capture fisheries recruitment will be adversely affected by construction activities 
(sub-section 5.7.3 refers). 

8.7.3 Hazard to Fishing Vessels 

8.7.3.1 During the construction of the wind farm, the increased marine traffic flow within the 
site and along the proposed cable routes will pose an additional marine navigation 
risk. The identified risks include: 

 Construction vessel collision on-site 

 Construction vessel collision with structure 

 Construction vessel encounters (Jack-ups or anchors) underwater 
obstruction (Cable, pipeline etc) 

 Construction vessel jacks-up or anchors onto unexploded ordnance 

 Man overboard during personnel transfer operations 
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 Dropped Object during major lifting operations 
 

8.7.3.2 Therefore, a 500m radius safety / exclusion zone will be closed to all vessels 
during construction phase.  The standard fisheries liaison and notification 
procedures for the installation of offshore structures will be implemented.   

8.7.3.3 It is anticipated that as major sections of the windfarm are installed the windfarm 
footprint is progressively designated as a controlled waterspace through the 
deployment of byelaws or similar legal instruments that will be sought for the 
windfarm site. Waterbourne access would be restricted to vessels that have 
received approval from the authority specified in the legal instruments. 

8.7.3.4 With these safety measures in place, no additional significant hazard to fishing 
vessels will be anticipated. 

8.7.4 Impact to Traditional Fishing Ground 

8.7.4.1 All vessels will be restricted from accessing the safety / exclusion zone during 
installation of cable routes and turbine construction, and hence a temporary loss of 
fishing ground will occur. 

8.7.4.2 As presented in the baseline, relatively little fishing takes place at the wind farm 
site and restrictions on access will be over a small area.   Construction activities 
may drive fish away from the area and consequently the implementation of 
restricted access measures will not result in any significant adverse impacts.  
Accordingly, there shall be no significant adverse impacts on fisheries due to loss 
or restricted access to traditional fishing ground. 

8.7.5 Impact to Spawning and Nursery Grounds 

8.7.5.1 The wind farm footprint lies more than 4km away from the identified spawning 
grounds in eastern Hong Kong waters and will not affect these areas. Jetting will 
cause temporary localized disturbances along the cable corridor. The cumulative 
extent of areas that may be disturbed, assuming a conservative 130m mixing zone 
established by water quality modelling in Section 4, comprise a tiny percentage 
(0.6%) of spawning grounds in eastern waters. It is not anticipated that there will be 
significant impacts to spawning grounds for this localised and transient operation. 

8.7.5.2 Both the wind farm site and the cable route lie far from important nursery sites of 
commercial species in Hong Kong (in Northeast Waters, within Port Shelter, south 
of Lamma Island and south of Lantau).These identified sites which will not be 
affected by the Project works. 
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8.7.6 Summary of  Construction Phase Impacts 

 

Critera Description 

Nature of impact Impacts are temporary and short term. 

Size of affected area 500m radius safety / exclusion zone and wind farm footprint progressively 
designated as a controlled waterspace. This represents a small area of a 
low-productivity section of Hong Kong’s fishing grounds.  Jetting of a 
cable corridor which may affect less than 0.6% of spawning grounds in 
eastern waters on a transient basis.  

Loss of fisheries   
resources / production 

Temporary access restrictions to relatively low-productivity fishing 
grounds. 

Destruction and 
disturbance of nursery   
and spawning grounds 

No impact on important nursery grounds.  Jetting will cause temporary 
localized disturbances along the cable corridor. The total cumulative 
extent of areas that may be disturbed comprise a tiny percentage of 
spawning grounds in eastern waters. 

Impact on fishing 
activities 

Temporary access restriction to a small, relatively low-productivity and 
low fishing intensity section of Hong Kong’s fishing grounds. 

Impact on aquaculture 
activities 

No impacts on the aquaculture activities, 

8.8 Operational Phase Impact Assessment 

8.8.1.1 As identified in Section 4, the operation of the wind farm project will not induce any 
water quality impacts. Potential impacts on commercial fisheries lie in: 

 Potential hazard to fishing vessels;  

 Permanent loss of fishing ground, and 

 Potential for beneficial impact on fisheries in the wind farm area.  
 

8.8.2 Hazard to Fishing Vessels  

8.8.2.1 A Marine Navigation Safety Risk Assessment (MNSRA) has been conducted to 
assess impact of the wind farm on the existing and future marine traffic profile in 
south-eastern waters (Appendix 2A refers). 

8.8.2.2 The assessment included a comprehensive analysis of the marine navigation 
safety risk implications arising from the establishment of an offshore wind farm in 
south-eastern Hong Kong waters and included the identification of key hazards and 
the quantification of associated risks.  It was identified that the impact of the 
proposed wind farm on marine users is minor, and ‘Acceptable’ given the design 
features and management measures proposed to accompany the Project. 
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8.8.2.3 However, a review of the key risks identified a series of hazards that cannot be 
readily mitigated by engineering / operational measures alone.  These hazards are 
associated with a variety of “created behaviours” that may be displayed were 
unrestricted marine activity to be permitted, and include: 

 Scaling turbines for fishing with the potential for falls, or stranding on 
turbines due to boats being unable to return and pick-up; 

 Capsizing due to un-seaworthy vessels accessing the wind farm area for 
sight-seeing activities; and 

 Trawlers snagging nets / colliding with turbines whilst taking advantage of 
the anticipated local aggregation of fish. 

 

8.8.2.4 The MNSRA concluded that restriction is required to manage “created behaviours” 
anticipated within the wind farm area.  In order to manage these risks it is proposed 
that the Windfarm area is designated as a controlled waterspace through the 
development of byelaws or similar legal instruments. Waterbourne access would 
be restricted to vessels that have received approval from the authority specified in 
the legal instruments." The following vessel restrictions are proposed:   

 Marine vessel management with a designated Marine Restricted Area;   

 Trawling activity would be prohibited; 

 Permitted marine vessels would include all Government vessels and wind 
farm maintenance vessels, and may be extended to include dive boats, 
tourist launches, hand-line fishing vessels, etc.; and 

 Permitted marine vessels are anticipated to be required to carry Automated 
Identification System (AIS) transmitters to monitor and safeguard their 
operations, and ensure they are seaworthy for offshore conditions. 

 

8.8.3 Impact  to Commercial Fishing Activities 

8.8.3.1 Considering all fishing vessels will be excluded from the wind farm area for marine 
navigation safety reasons, a total of <16 km2 of sea area will be permanently lost 
as a fishing ground.  This is equivalent to less than 1% of the Hong Kong territorial 
waters (1,650 km2) and given the relatively low productivity of the site area, impact 
on fisheries production will be insignificant.   Nevertheless, some local fishermen 
(particularly trawlers) who habitually fish in the wind farm site will be affected to a 
limited extent. 

8.8.3.2 However, the following characteristics of the proposed wind farm site discount its 
overall value to the local fishing industry: 

 Uniform and exposed muddy seabed with no habitat diversity is unattractive 
to fish as a shelter or feeding area. 
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 Very limited to no spawning activity in the area specifies its low importance 
as a potential spawning / nursery ground for replenishing depleted fisheries 
(ERM , 1998).   

 Low productivity and commercial value in waters.. 

 Rough sea conditions for much of the year make it unsafe for smaller 
vessels to operate in this area. 

 Remoteness of the site coupled with it large expanse and low productivity 
decreases its commercial value due to the high fuel cost. 

 

8.8.3.3 While the wind farm components will only occupy the equivalent of ~0.3% of the 
entire wind farm footprint (see 5.7.2.14), the remaining 99.7% will remain as open 
waters and viable habitat for the existing fish stock.  Accordingly, set against the 
low baseline fisheries productivity and hence value of the wind farm area, a 
negligible adverse impact on the fisheries stock habitat of Eastern waters may be 
anticipated.. 

8.8.3.4 The existing baseline productivity of capture fisheries in the Study Area is low.  
Given the proposed management of the site area in relation to the Project, the 
waters in the site area could be used as a fisheries enhancement area.  This is 
beyond the scope of this EIA and Project, but the Project Proponent acknowledges 
the potential, Sub-section 8.8.4 presents options for potential benefits to fishery. 

8.8.4 Potential Benefits to Fisheries   

Danish Offshore Wind Farms 

8.8.4.1 The Danish Energy Authority conducted an environmental monitoring programme 
between 2000 and 2006 for the two Danish offshore wind farms (DONG Energy et 
al, 2006): 

 Horns Rev Offshore Wind Farm, operational since 2002, is located 14-20 
km off the coast in the North Sea. It consists of 80 turbines with maximum 
capacity of 160 MW. 

 Nysted Offshore Wind Farm commissioned in 2002-2003 consists of 72 
turbines situated 10 km from the coast. The total output of the wind farm is 
about 166 MW. 

 

8.8.4.2 This study provides qualitatively evaluation on the actual environmental 
performance at the wind farm sites during the operation phase.  The key findings of 
this monitoring study related to fishery resources are summarised as follows: 

 Presence of wind farm structures: The overall habitat heterogeneity and 
species richness has increased as a result of introducing artificial structures 
in the previously homogenous sandy seabed, permitting colonisation by an 
epibenthic community. 
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 Exclusion of fishing activity in the wind farms: The absence of fishing activity, 
particularly trawling, is deemed key to boosting the abundance and diversity 
of the benthic ecosystem. 

 Impacts on fish communities as a result of operation of the wind farms: 
Statistically, no adverse impacts on fish population have been identified. 
The study has forecasted that the potential for enhancing fish supply cannot 
be overlooked once the benthic communities become fully established in the 
wind farm areas. 

 

Dive Observations at Offshore Oil and Gas Platforms in the South China Sea 

8.8.4.3 With reference to sub-section 5.8 the established marine fouling and coral 
communities on the surface of the oil and gas platforms in the South China Sea 
support rich pelagic species.   

8.8.4.4 Predator fish species such as barracuda, tuna and snappers have been observed 
in the area with some of the fish size reach as long as 1.5m.  Other reef fishes, 
lobsters and moray eels are also residents in these ecosystems.  The fish species 
richness at the platform sites is unique as number of fish becomes scarce in waters 
10m to 15m away from the platforms. Figure 8.22 illustrates the abundance of fish 
species living in this environment. 

Figure 8.22 Fish aggregation at an oil platform in the South China Sea 

 
Source: Asiatic Marine Limited  

 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 8 - Page 35 
 
 

Opportunities for the Local Fishing Industry 

8.8.4.5 With the exclusion of all fishing vessels within the wind farm area, losses primarily 
of highly resilient species and juvenile fish from trawling and other non-trawling 
fishing activity will cease.  The wind farm area is therefore potentially beneficial to 
fisheries resources. 

8.8.4.6 Based on the Baseline Site Design, presented in Section 2.6, it is expected that the 
marine foundation structures will offer a cumulative surface area of >100,000 m2 
(67 tripod structures with legs nominal 5m diameter in 30m water depth) This area 
would be available as an artificial reef substrate for colonisation by epibenthic flora 
and fauna, including communities of corals similar to those found at the offshore oil 
and gas platforms in the South China Sea to the south of the proposed wind farm. 
Species with a preference for low light and low / medium current speeds such as 
the black coral Cirripathes sp. could also colonise the foundation structures. 

8.8.4.7 Once the artificial reef systems begin to develop, natural (unaided) spawning / 
nursery area are likely to become naturally established (Figure 8.22 refers).  
Assisted spawning / nursery areas may also be achieved through manual stocking 
of fry and larvae in the wind farm area to supplement naturally recovering fisheries 
resources. 

8.8.4.8 Overall the proposed wind farm project and the proposed restrictions on fishing 
activity in the wind farm area provide an opportunity to replenish the heavily 
exploited fisheries resources in Eastern Waters.  Establishment of artificial reef 
communities on marine foundations will benefit the overall abundance and diversity 
of fisheries resources, and will provide a test case for further large scale fisheries 
protection and sustainable fisheries management in the HKSAR.  

8.8.4.9 If after the EIA process has been completed, Government, other agencies or key 
stakeholders would like to implement enhancement and management of fisheries 
resources within the wind farm site, beyond those already inherent within the 
Project’s design and management (i.e. the potential for turbine substructures to 
naturally act as artificial reefs and the management of the windfarm footprint as a 
controlled waterspace ), the Project Proponent will work with such bodies in the 
context of an initiative led by a 3rd party to formulate and explore such additional 
measures. 

8.8.5 Summary of Operational Phase Impacts 

 

Critera Description 

Nature of impact Long term, permanent presence of wind farm and associated fishing 
exclusion zone 

Size of affected area 16km2 are of wind farm footprint. However wind farm tower components 
only occupy about 0.3% of the site with the remaining 99.7% of open 
waters available as viable habitat for fish. 

Loss of fisheries   Loss of 16km2 of relatively low productivity fishing grounds. This is 
equivalent to less than 1% of the Hong Kong territorial waters (1,650 
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Critera Description 

resources / production km2) and given the relatively low productivity of the site area, impact on 
fisheries production will be insignificant.  

Nevertheless, some local fishermen (particularly trawlers) who habitually 
fish in the wind farm site will be affected to a limited extent.  

Potential benefits from >100,000 m2 of turbine substructures available as 
artificial reef substrate for fishery enhancement by providing rare deep 
water substrate. 

Destruction and 
disturbance of nursery   
and spawning grounds 

No adverse impact on important nursery and spawning grounds  
Presence of tower structures provides potential habitat 

Impact on fishing 
activities 

Loss of 16km2 area of relatively low-productivity and low-fishing intensity 
fishing grounds. 

Impact on aquaculture 
activities 

No impact on aquaculture activities. 

8.9 Cumulative Impacts 

8.9.1.1 As presented in Section 4, no cumulative water quality impacts are anticipated as a 
result of the operation of the East Ninepins and East Tung Lung Chau Sediment 
Disposal Areas, or from construction activities associated with Further 
Development of Tseung Kwan O. 

8.9.1.2 No cumulative impacts are anticipated during operation of the proposed wind farm. 

8.10 Mitigation Measures & Best Practice 

8.10.1.1 As the fisheries impacts are directly associated with the water quality, therefore, 
mitigation measures and best practices to avoid water quality impacts presented in 
Section 4 of this EIA Study Report shall be adopted and implemented during the 
works. 

8.10.1.2 No significant adverse impacts are expected during the operational phase. 

8.11 Potential Benefits 

8.11.1.1 Positive impacts are anticipated following the implementation of the fishing 
exclusion zone at the wind farm site which would contribute to effective fisheries 
resource enhancement in Eastern Waters. 

8.11.1.2 As referred in sub-section 8.8.4, the sub-structure of the wind turbine foundations 
shall provide a net increase in the surface area of hard substrate available as an 
artificial reef for colonization by reef dwelling organisms. 
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8.12 Residual Impact Assessment 

8.12.1.1 No significant residual impacts are anticipated during construction and operational 
phase of the wind farm. 

8.13 Environmental Monitoring & Audit Requirements 

8.13.1.1 As no significant adverse construction and operation phase impacts are 
anticipated, no environmental monitoring and audit is proposed. 

8.14 Conclusions & Recommendations 

8.14.1.1 The Project will lead to the permanent loss of approximately 16 km2 of relatively low 
productivity / value fishing ground within Hong Kong waters. Both the wind farm 
site and cable route lie far from, and will not affect, identified nursery grounds of 
commercial species. Jetting of the cable route will cause temporary localized 
disturbances within an identified spawning ground in Eastern waters, however the 
total area impacted by this transient operation is extremely small, and impacts will 
be negligible.  There is unrestricted fisheries habitat of similar character and value 
in waters contiguous with the proposed wind farm throughout the Study Area. 

8.14.1.2 No significant water quality-induced impacts are predicted on the popular fishing 
area around the Ninepin Islands or any of the fish culture zones in the Study Area 
during Project construction. 

8.14.1.3 The operational Project will lead to loss in fishing ground, although the potential for 
a significant net positive impact may be achieved. 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 8 - Page 38 
 
 

8.15 References 

AFCD Fisheries: http://www.afcd.gov.hk/english/fisheries/fish_abt/fish_abt.html 

AFCD, (1997). Fishing Vessel Count, 1997. Agriculture and Fisheries Department, 
Hong Kong Government. 

AFCD, (1998). Port Survey 1996/97. Agriculture and Fisheries Department.  

AFCD, (2003). Port Survey 2001/02. Agriculture Fisheries and Conservation 
Department.  

AFCD, (2008). Agriculture Fisheries and Conservation Department website.AFCD, 
http://www.afcd.gov.hk/english/fisheries/fish_aqu/fish_aqu_mpo/fish_aqu_mpo.html
Asiatic Marine Limited, (2007).  Interview. 

Cheung W.L. (2001). Changes in Hong Kong's capture fisheries during the 20th 
century and reconstruction of the marine ecosystem of local inshore waters in the 
1950s. Unpub. M.Phil. thesis, Department of Ecology & Biodiversity, The University 
of Hong Kong, Hong Kong 

Cheung, W.W.L. and Sadovy, Y. (2004). Retrospective evaluation of data-limited 
fisheries: a case from Hong Kong. Reviews in Fish Biology and Fisheries (2004) 
14: 181-206 

City University (2001). Agreement No. CE 62/98: Consultancy Study on Fisheries 
and marine Ecological Criteria for Impact Assessment. City University of Hong 
Kong.  Final Report submitted to Agriculture, Fisheries & Conservation 
Department, HKSAR. 

DONG Energy, Vattenfall, The Danish Energy Authority and The Danish Forest 
and Nature Agency (2006). Danish Offshore Wind - Key Environmental Issues.  

Environmental Resources Management Consultants Hong Kong Ltd. (1998). 
Fisheries Resources and Fishing Operations in Hong Kong Waters, Final Report, 
Agriculture and Fisheries Department, Hong Kong Government. 

Fish Marketing Organisation website (http://www.fmo.org.hk/). 

HK Fish Net website  (http://www.hk-fish.net/index.htm)  

Ho, L. (2007). Linkage. Home Affair Bureau, HKSAR, 99-103pp. 

Hong Kong Artificial Reef Project website (http://www.artificial-
reef.net/English/main.htm)  

Lee S.Y., Blackmore G. and Rainbow P.S. (2000). Change in the epibenthic crab 
assemblages of the southeastern waters of Hong Kong: a comparison of the 1992, 
1995 and 1998 trawl programmes. In: The Marine Biology of the South China Sea 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 8 - Page 39 
 
 

(ed. B Morton). Proceedings of the Third International Conference on the Marine 
Biology of the South China Sea. Hong Kong University Press, 535-551. 

Leung, A.W.Y. (2000). Effects on the benthic fish fauna during and after large-scale 
dredging in the southeastern waters of Hong Kong. In: The Marine Biology of the 
South China Sea (ed. B. Morton). Proceedings of 3rd International Conference on 
the Marine Biology of the South China Sea. Hong Kong University Press, 651-672. 

Leung, A.W.Y. (2003). Temporal Trends in Fish Abundance and Species 
Composition on an Open Access Artificial Reef in Hong Kong. Doctor of Philosophy 
Thesis, the University of Hong Kong.17p. 

Leung, S.F. and Leung, K.F. (2000). The prawn resources of the southeastern 
waters of Hong Kong: a comparison of the 1992, 1995 and 1998 trawl surveys. In: 
The Marine Biology of the South China Sea (ed. B Morton). Proceedings of the 
Third International Conference on the Marine Biology of the South China Sea, 
Hong Kong University Press 619-649. 

Sadovy, Y. (1998). Patterns of reproduction in marine fishes of Hong Kong and 
adjacent water. In: Morton, B. (ed.), Proceedings of the Third International 
Conference on the Marine Biology of the South China Sea, Oct. 28 – Nov. 1, 1996, 
Hong Kong, 261-273. 

Sumaila, U.R., Cheung, W.W.L. and Teh, L. (2007). Rebuilding Hong Kong‘s 
Marine Fisheries: An Evaluation of Management Options. Fisheries Centre, 
University of British Columbia, Vancouver. 

Williamson, G.R., (1968). A biologist looks at Hong Kong fisheries, Fishing News 
International. July 1968, 4 pp. 

 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

ESB-146/2006 Issue 3, May 2009 Section 9 - Page 1 
 
 

9 Cultural Heritage 

9.1 Introduction 

9.1.1.1 This section presents the approach to and the findings of the Cultural Heritage 
impact assessment; the aim of which is to identify and examine the nature and 
extent of potential impacts of the project on marine archaeology. 

9.1.1.2 For the purpose of the marine archaeology assessment, the “assessment area” 
occupies the proposed Windfarm site, and the proposed cable route alignment 
between the Windfarm and Tseung Kwan O. 

9.2 Objectives  

9.2.1.1 The objective of this Section is to address the requirements of the ESB.  
Accordingly, this Report presents the approach to and the findings of the marine 
archaeology impact assessment up to the point of establishing archaeological 
potential. 

9.2.1.2 Clause 3.2 of Appendix C to the Brief also states that “The results [of data 
examined during Task 1 and 2] would be presented as a written report and 
charts…”.   A separate report has been prepared and submitted to AMO to meet 
this particular objective, with the key findings reproduced in this Section. 

9.3 Legislation, Standards & Guidelines 

9.3.1 Environmental Impact Assessment Ordinance (Cap. 499) 

9.3.1.1 The cultural heritage impact assessment has been conducted in accordance with 
the requirements referred under Clause 3.4.6 and Appendix C of the ESB, and 
Annexes 19 and 10 of the Technical Memorandum of the EIA Ordinance (EIA-TM) 
that present guidelines for impact assessment and criteria for impact evaluation, 
respectively. 

9.3.1.2 In addition, the Guidance Notes on Assessment of Impact on Sites of Cultural 
Heritage in Environmental Impact Assessment Studies under the EIAO apply.  In 
particular, items 6.2(iii) and 6.3 of the Guidance Note are of relevance. 

9.3.2 Antiquities and Monuments Ordinance (Cap. 53) 

9.3.2.1 The Antiquities and Monuments Ordinance was enacted in January 1976 to protect 
and preserve any “site of cultural heritage” within the HKSAR.  This refers to the 
following: 
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 Historical buildings and structures, i.e. currently pre-1950 buildings and 
structures that possess definite heritage value; 

 Archaeological sites and structures; 

 Palaeontological sites, i.e., pre-Holocene geological beds of sedimentary 
rocks containing fossil remains and their impressions; and 

 Other cultural features.  
 

9.3.2.2 The Ordinance provides for two main areas of heritage protection: 

9.3.2.3 The statutory declaration of sites of cultural heritage of exceptional qualities and 
significance in the Government Gazette as Monuments, Historical Buildings, 
Archaeological Sites, etc.  

9.3.2.4 Relics, (defined under the Ordinance as fossils and objects/artefacts created, 
modified, etc. by human agency before AD 1800) discovered after 1976 are, by 
law, properties of the Hong Kong SAR Government.  Search and excavation for 
relics should comply with the Ordinance.  All discoveries of antiquities or supposed 
antiquities must also be reported. 

9.3.3 Lord Wilson Heritage Trust Ordinance (Cap. 425) 

9.3.3.1 Other legislation that supplements the work of heritage preservation in the HKSAR 
includes the Lord Wilson Heritage Trust Ordinance that came into operation in 
1992. 

9.3.3.2 The Trust aims to preserve and conserve the human heritage of Hong Kong 
through a variety of means, including inter alia the: 

 Identification, restoration and refurbishment of relics, antiquities and 
monuments and of other historical, archaeological and palaeontological 
objects, sites or structures in Hong Kong; and 

 Provision of facilities at antiquities and monuments and at historical and 
archaeological sites or structures in order to assist public access to and 
appreciation of such sites or structures. 

9.3.3.3 A key feature of the Trust is its commitment to conservation of the HKSAR’s 
cultural heritage through the aural, visual and written recording of sites, through the 
publication of books, papers and periodicals, and though exhibitions. 

9.4 Assessment Approach 

9.4.1.1 One of the general objectives under Clause 2.1(vii) of the ESB is, “to identify the 
negative impacts on any historical and archaeological resources and to propose 
measures to mitigate these impacts”. 

9.4.1.2 Clause 3.2(vi) of the ESB also states that among the key issues are, “the potential 
impacts on the marine archaeological deposit in the seabed of the project area and 
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the alignment of connection route likely to be affected by the dredging and 
construction works”. 

9.4.1.3 Besides these general requirements, the specific requirements for conducting the 
Cultural Heritage Impact Assessment are introduced under Clause 3.4.6 of the 
ESB and in Appendix C to the Brief. 

9.5 Baseline Conditions  

9.5.1 Desktop Review  

9.5.1.1 A review has been conducted to identify the potential for archaeological resources 
and, if identified, likely character, extent, quality and value. This includes: 

 Historical land use and settlement data as well as archive records such as 
seabed survey data collected from previous geological research. 

 Marine Department, Hydrographic Office - the Department holds a 
substantial archive of hydrographic data and charts; and 

 Royal Naval Hydrographic Department in the UK. 
 

9.5.2 Review of Geology & Marine Sediment Records 

9.5.2.1 Data and information on the geology and marine sediment in the assessment area 
is available from a variety of sources, including: 

 Borehole records, 

 Vibrocore records; and  

 Geological publications. 
 

9.5.2.2 The seabed in Eastern Waters is generally flat and homogenous, comprising 
quaternary sediments of the Chek Lap Kok Formation overlain by more recent and 
widespread sediment of the Hang Hau Formation.  The Hang Hau Formation is 
generally characterised by soft to very soft and silty mud with shell fragments, and 
subsidiary clay and minor sand components (Strange et al, 1990b). 

9.5.2.3 Figure 9.1 represents borehole records in the Study Area, which for reporting 
purposes has been divided into Area A, B, C or D, while Table 9.1 displays the 
sediment thickness at the locations referred for each of the four areas. 
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Figure 9.1 Borehole Record Locations 

 

 

Area A 

9.5.2.4 Area A covers an area between central Junk Bay and the northern section of the 
Tathong Channel.  Geological records for the area indicate sediment thickness in 
this area to be at least 12 metres (VC1/10) and in some locations deeper than 35 
metres (NTMD2/9). 

9.5.2.5 The sediment character immediately west of Tit Cham Chau (JBM13) comprises 
sandy silt, becoming increasingly sandy further south where a medium to coarse 
sand layer is present (VC1/10). 

Area B  

9.5.2.6 Area B covers the sediments around Tung Lung Chau, where records indicate 
deep sediment.  Immediately west of the island some 18 metres of sediment was 
retrieved (V31); whilst sediment thickness to the south of Tung Lung Chau is 
recorded at greater than 32 metres from each of two records along the proposed 
cable route (DTC9 and DTL9). 

Area C 

9.5.2.7 This area covers an array of records in offshore waters south of the Ninepin Island 
group.  The sediment is generally very deep in this area, with two records (C2/1A 
and C2/2B) recording sediment depths of around 70 metres to the south of the 
proposed cable route.  Record C2/1A retrieved medium sand material at the 
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bottom of the core, while C2/2B retrieved ‘rock’ at the end of the core. 

9.5.2.8 Along the proposed cable route, two records (VC2/13 and ETMD4/13) report clay 
at the end of their cores at depths around 25 metres, while ETMD4/5A records 
slightly deeper conditions, with gravel reportedly encountered at a depth of around 
27 metres. 

Area D 

9.5.2.9 Area D covers the proposed Project area.  Strange et al (1990b) describes the 
Hang Hau Formation thicken to be around 30 metres deep in the vicinity, while the 
area was classified as ‘muddy’ by the Hong Kong Geological Survey.  Similarly, 
clayey sediment was recorded at depths > 30 metres at DEW19 south of the 
proposed Wind Farm, and records from DEW14 were generally consistent with this 
except that coarse sand was recorded at the end of the core.  However, there are 
also exceptions, as indicated by record DEW59 which suggests a relatively shallow 
rock head at depths ~20 m below the seabed. 

Table 9.1 Description of Selected Boreholes 

Area 
ref. 

Borehole / 
Vibrocore ID 

Core depth, m 
(from seabed) 

Sediment 
Depth, m 

Character of core bottom 
material 

A JBM13 20.0 > 20.0  Medium sand 

 VC1/10 12.0 >12.0 Clay  

 NTMD2/9 35.0 >35.0 Silt  

B V31 18.0 >18.0 Silt  

 DTC9 32.8 >32.8 Clay  

 DTL9 33.3 >33.3 Clay  

C C2/1A 70.0 >70.0 Sand 

 C2/2B 75.0 74.0 Sand underlain by CDG* 

 ETMD4/5A 27.2 >27.2 Gravel 

 ETMD4/13 25.0 >25.0 Clay  

 VC2/13 25.0 >25.0 Clay 

D DEW14 33.7 >33.7 Coarse sand 

 DEW19 31.2 >31.2 Clay 

 DEW59 20.0 20.0 Sand on top of rock (at 20.0m) 

Note: *CDG = Completely Decomposed Granite 

9.5.2.10 Based on the above, the marine sediment in Eastern Waters predominately 
comprises dark mud, with a high content of silt and clay.  As such, the sediment is 
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largely anoxic and rich in organic material, and therefore would in general be 
suitable for the preservation of organic artefacts such as wood. 

9.5.3 Review of Historical Archives 

General Eastern Waters   

9.5.3.1 HKSAR waters cover approximately 1,800km2, and approximately 230 islands. 
Owing to its location at the eastern mouth of Pearl River Delta, Hong Kong has 
performed a valuable role guarding the passage of boats to Guangdong province 
and around the south China coast.  This significant maritime heritage continues to 
the present day as one of the World’s busiest ports. 

9.5.3.2 The number of historic ports and guard stations around the Hong Kong coastline 
attests to the historical prevalence of piracy.  This combined with tropical storms / 
typhoons and the presence of numerous islands provided a constant threat to 
maritime activity. 

9.5.3.3 Eastern Waters was referred to as an important shipping corridor from the time of 
the Song Dynasty (AD 960 -1279).  During the Qing Dynasty (AD 1644 – 1911) 
vessels passing through the Tathong Channel reportedly stopped at a customs 
post near Fat Tong Chau, before proceeding west to the Pearl River Delta (1990a). 

9.5.3.4 Of relevance to the Project, Junk Bay not only attracted merchant ships and boats 
for safe anchorage, it also captivated pirate leader’s Cheng Li-cheung attention to 
set up a base for his force which was up to 600 ships in the early 17th Century 
(ibid). 

High Island Reservoir 

9.5.3.5 High Island Reservoir is one of only two known maritime archaeological sites in the 
HKSAR, with the other being identified in Penny’s Bay, Lantau Island. The interest 
in the High Island Reservoir site followed the excavation of a wooden junk in 1973 
during reservoir construction. Although the junk was not intact, it had been 
sufficiently well preserved by marine sediments for local experts to estimate that it 
would have been up to 20 – 25 metres long and 5 metres wide. 

9.5.3.6 Following the discovery, a 4-day rescue excavation had been conducted.  Various 
finds including pottery and porcelain, wooden planks and small metal objects had 
been discovered.  The wide variety of pottery types present at the excavation 
prevented accurate dating of the wreck.  The preservation of inorganic and organic 
materials was reportedly excellent. 

Tung Lung Fort 

9.5.3.7 Tung Lung Fort is located at the northeast of Tung Lung Island. The Fort was 
constructed by order of Yang Lin, then Viceroy of Guangdong and Guangxi from 
1719 – 1724 during the Qing dynasty in order to defend the area against foreign 
colonialists and piracy.  Tung Lung Fort is a Declared Monument in Hong Kong. 

Fat Tau Chau Old Chinese Custom Station 
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9.5.3.8 Fat Tau Chau Old Chinese Customs Station, located on northern Junk Island, was 
discovered in 1962. This Custom Station and two other two stations located 
elsewhere in Hong Kong were constructed in 1868 to collect ‘likin’ on opium trade. 
The Custom Station ceased operation in 1899 when the New Territories was 
leased to Great Britain. Fat Tau Chau Old Chinese Custom Station is a Declared 
Monument in Hong Kong. 

Rock Carving Sites 

9.5.3.9 Two rock-carving sites are found along Tathong Channel south of Junk Bay. One is 
located on Tung Lung Island, and the other is on the coast of Big Wave Bay. They 
are both Declared Monuments in Hong Kong. 

9.5.3.10 Tung Lung Island Rock Carving is the largest in situ rock carving found in Hong 
Kong, measuring 1.8m by 2.4m. The exact age of this carving is unknown but was 
mentioned in the 1819 Xinan Gazetteer stating that “the impression depicts the 
image of a dragon”. 

9.5.3.11 Big Wave Bay Rock Carving is believed to have been created by early inhabitants 
that depended on the sea for their livelihood.  The exact age of this monument is 
still not clear. 

 

9.5.4 Review of Marine Charts 

9.5.4.1 In the historical context of vibrant maritime activity throughout Hong Kong, a review 
of marine charts has been conducted.  Figure 9.2 displays the locations of charted 
wrecks in the assessment area. 

9.5.4.2 Most displayed wrecks (14 in total) are from the 2006 version of the HKSAR Marine 
Department’s Electronic Navigational Chart (ENC).  These 14 wrecks have been 
charted based on a combination of historical information, recent shipwreck reports 
and seabed surveys mostly conducted between 2000 and 2005 by the 
Hydrographic Office of the Marine Department.  As such, the wrecks displayed are 
only those charted on the seabed (i.e., not entirely buried) and there are no publicly 
available records of these wrecks for inspection. 

9.5.4.3 Only one of the 14 wrecks from the ENC lies within the Wind Farm boundary, while 
other wrecks were identified early on as constraints to be avoided when planning 
the alignment of the transmission cable route. 
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Figure 9.2 Locations of Shipwrecks in the Assessment Area 

 

Source: HKSAR Hydrographic Office and United Kingdom Hydrographic Office. 

9.5.4.4 Figure 9.2 also presents a further four records not on the latest ENC, and hence 
not considered by the HKSAR Hydrographic Office to be of marine navigation 
concern as well as of wreck potential. These are the records of the UK 
Hydrographic Office that held information on Hong Kong waters up to the 1997 
hand-over.  The four objects include two rows of small boats and scattered 
wreckage at the west of Junk Bay; an unidentified object some 1 metre above an 
otherwise flat seabed off (what was previously) Fat Tong Chau, and a potential 
wreck to the southeast of Tung Lung Island. 

9.5.4.5 A fifth object from the UK records coincided with the position of a shipwreck inside 
the Wind Farm footprint from the Marine Department ENC.  The UK records 
describe this as a shipwreck resting some 9 metres above the seabed. 

9.5.5 Geophysical Survey 

9.5.5.1 In accordance with marine archaeological investigation (MAI) guidelines, a marine 
geophysical survey was conducted in August 2006 with the aims of: 

 Providing exact definition of objects of greatest archaeological potential; 

 Assessing the depth and nature of the seabed sediments to define which 
areas consist of suitable material to bury and preserve archaeological 
material; and 
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 Examining geophysical data to map anomalies on the seabed that may be 
archaeological material. 

 

9.5.5.2 The geophysical survey involved the use of side-scan sonar to collect 
approximately 270-line kilometres of data, comprising approximately: 

 73 km along the cable route corridor; and 

 197 km covering the entire Windfarm site. 
 

9.5.5.3 The survey lines were generally arranged at 100-metre spacing, except for the 
inshore section at Tseung Kwan O where a spacing of 50 metres was appropriate 
given the shallow water depth. Overall, survey lines were arranged to ensure 100 
percent overlap with adjacent transects, and also allowing some flexibility for 
potential changes in cable / turbine positioning. 

9.5.5.4 Figure 9.3 displays the spatial coverage of the side-scan sonar survey, while 
Figure 9.4 presents a schematic of the marine geophysical survey conducted from 
a private vessel. 

Figure 9.3 Side-Scan Sonar Survey Transect 
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Figure 9.4 Marine Geophysical Survey Arrangement 

 

Source: Marine Department, HKSAR Government (2006) 

 

9.5.5.5 Side-scan sonar has two primary functions as a tool for marine archaeological 
survey: 

 Detection of shipwreck on or just below the seabed; and 

 Detection of smaller features, including sand-waves / sandbars that may 
indicate buried material with archaeological potential. 

9.5.5.6 The geophysical data acquisition was conducted by specialist contractor working to 
survey specifications prepared by a qualified geophysicist.  The project 
geophysicist also supervised data collection, and was jointly responsible for 
geophysical data interpretation to discriminate objects with archaeological potential 
and areas of seabed where conditions for archaeological preservation would be 
favourable. 

Data Acquisition & Quality 

9.5.5.7 The survey commenced on August 8, 2006.  Thereafter, survey continuity was 
interrupted by difficult weather conditions on three occasions due to the close 
passage of tropical depressions.  A small extension to the survey area was 
requested on August 24, and the survey was completed on August 31, 2006. 

9.5.5.8 Data quality was monitored continuously.  Some minor ‘streaking’ of records was 
observed as a result of swell induced movement on the tow fish and due to seabed 
turbulence from crossing vessels introducing unavoidable back-scatter ‘noise’ in 
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the water column in a few places.  Overall, the data quality was observed to be 
satisfactory throughout the survey. 

Data Evaluation 

9.5.5.9 The side scan sonar data were initially screened by the geophysical contractor 
before further analysis and verification by the project geophysicist to focus upon 
those features of potential archaeological relevance.  A marine archaeologist was 
subsequently engaged to conduct an independent review of the marine 
archaeological potential based on the geophysical survey data. 

9.6 Assessment Methodology  

9.6.1 Establishing Archaeological Potential 

9.6.1.1 Analysis of the data and information obtained through the desktop review and the 
geophysical survey is able to provide an indication of the likely character and 
extent of known and potential archaeological resources within the Study Area. 

9.6.1.2 Side scan sonar records have been examined for individual items that meet the 
following criteria: 

 Seabed materials imply quiescent conditions and the potential for burying 
items without disturbance.  Those conditions would be met by low energy 
sediments such as clayey mud, silts and fine sands that would appear on 
the images as pale, low reflection (back-scatter) environments. 

 Individual items appear to be partly or largely buried and generally without 
sharp geometric or angular definition, implying that they have been in place 
for a moderately long period and are not recent debris. 

 

9.6.1.3 Insufficient information on the detailed design is available at this time, and as such 
it has been agreed with AMO that additional geophysical surveys shall be 
conducted after completion of the EIA Study but in advance of any marine works.  
Additional geophysical survey requirements to meet the dual objectives of 
advancing the engineering design and satisfying AMO’s expectations on marine 
archaeology are thus included in sub-section 9.12. 

9.6.1.4 The definition for object value for the Project has been adopted from the Cultural 
Heritage Impact Assessment for the Duddon Sands Offshore Windfarm project: 

 Very high: A recorded archaeological item with unique archaeological value 
/ a target of very high potential to contribute to knowledge and 
understanding and/or outreach; 

 High: A recorded archaeological item with above average archaeological 
value / a target of high potential to contribute to knowledge and 
understanding and / or outreach; 
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 Moderate: A recorded archaeological item with average archaeological 
value / a target of moderate potential to contribute to knowledge and 
understanding and / or outreach; 

 Low: A recorded archaeological item with below average archaeological 
value / a target of low potential to contribute to knowledge and 
understanding and / or outreach; and 

 Negligible: An item with no archaeological value / a target with no potential 
to contribute to knowledge and understanding and / or outreach. 

9.6.2 Assessment & Evaluation of Potential Impacts  

9.6.2.1 The potential impact magnitude is a function of the scale, nature and location (i.e., 
disturbance magnitude) of the proposed marine works against the known or 
potential value of the archaeological target. 

9.6.2.2 With reference to the Duddon Sands wind farm study, evaluation of the disturbance 
magnitude was determined as follows: 

 Very high: Complete destruction of an object; 

 High: Fundamental change of an object; 

 Moderate: Appreciable change of an object; 

 Low: small change of an object; and 

 Negligible: No real change. 
 

9.6.2.3 Accordingly, Table 9.2 presents the criteria for gauging impact significance. 

Table 9.2 Matrix of Impact Significance 

  Value of Target 

  Very high High Moderate  Low  Negligible 

Very high Very significant Very 
significant 

Significant  Moderate  Minor  

High  Very significant  Significant  Significant  Moderate  Minor  

Moderate  Significant  Significant  Moderate  Moderate  Minor  

Low  Moderate  Moderate  Moderate  Minor  Not 
significant  

D
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* 
 

Negligible  Minor  Minor  Minor  Not 
significant  

Not 
significant  

Note:* Disturbance magnitude is a function of works nature and scale, and proximity to a given target.  
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9.6.3 Visual Diver Survey 

9.6.3.1 The requirement to conduct visual diver survey will be triggered by the following 
criteria, they are: 

 Unavoidable and significant adverse impact posed upon an identified 
surficial target; and  

 The importance of this identified surficial target cannot be determined using 
geophysical surveys.   

 

9.6.3.2 A number of techniques are available for marine archaeological dive survey, 
including towed survey adopting either a towline or an underwater vehicle, a swim-
line survey conducted by a team of divers, or elaboration of this method for corridor 
and grid survey.  A circular survey is tentatively recommended for this study due to 
its applicability in underwater conditions with poor visibility.  Once the targets have 
been identified and their marine archaeological potential has been verified by a 
diving marine archaeologist, a sampling strategy can be devised as appropriate. 

9.6.3.3 As referred above, the detailed Wind Farm layout will not be finalised until after 
completion of the EIA study due to rapidly changing turbine technologies that affect 
foundation type, and so the visual diver survey shall be undertaken during the 
detailed design stage of the Project.  This is consistent with the approach adopted 
for the EIA Study for Further Development of Tseung Kwan O Feasibility Study that 
was approved without conditions. 

 

9.6.4 Mitigation  

9.6.4.1 Mitigation measures to avoid, reduce or ameliorate potential impacts on targets of 
archaeological potential will be determined on a site-by-site basis, but priority shall 
be given to avoidance. 

9.7 Evaluation of Baseline Marine Archaeological Potential 

9.7.1 Seabed Conditions 

Wind Farm Area 

9.7.1.1 Marine geophysical survey within the area has determined that seabed throughout 
the site is uniform and largely undisturbed.  Despite the presence of trawling 
activity in the area, the paucity of trawl marks suggests that the sea floor surface 
may be periodically dynamic and that impressed features may be covered or 
dissipated relatively rapidly. 

9.7.1.2 The texture of the seabed is consistent with fine silty sand, and as such the 
conditions for burial and subsequent preservation of archaeological artefacts would 
appear to be favourable. 

Cable Route  
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9.7.1.3 The seabed of much of the cable route corridor comprises coarser material, 
including potential rock outcrops and potentially dumped material, and is 
considered less likely to provide conditions suitable for the preservation and burial 
of artefacts.  Hence, large parts of the proposed cable route corridor are expected 
to have minimal or no archaeological potential. 

9.7.1.4 Similarly, those areas north of Fat Tong Chau where fine sediments were evident 
are also subject to drag and trawl marks. Hence, any superficial buried artefacts in 
this area would likely have been disrupted.  

 

9.7.2 Marine Archaeological Potential 

Overview 

9.7.2.1 The desktop review and marine geophysical survey have been directed primarily 
toward recognition of local seabed disturbances that could be associated with 
partly or largely buried wrecks and cargoes.  Such features may be better 
preserved and recognisable within the finer sediments, but are less likely to be 
preserved in areas of coarser materials or outcropping rock.  Hence the sea floor 
conditions recorded by side-scan sonar survey would appear to largely confine any 
marine archaeological potential to the Wind Farm site itself. 

9.7.2.2 Side-scan sonar records have been examined by project geophysicist and by a 
marine archaeologist for individual items that meet the relevant criteria set out in 
Section 9.6.1. 

9.7.2.3 Following the analysis of the collected geophysical survey data by the experts, 
eight targets with marine archaeological potential were identified: seven within the 
Wind Farm area and one along the cable route in the Tathong Channel. 

9.7.2.4 Figure 9.5 displays the locations of the targets.  Detailed images of each of the 
eight targets and the adjacent seabed are presented in the Appendix 9A. 
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Figure 9.5 Location of Targets with Marine Archaeological Potential 

 
 

Wind Farm Area 

9.7.2.5 Table 9.3 summarises the location and attributes of the seven discrete targets in 
the Wind Farm area.  Five of the targets (A1 - A5) each have a sharp outline as a 
result of no or limited burial, while a further two targets that are relatively poorly 
defined were also identified as being of potential interest. 

9.7.2.6 Appendix 9A presents further details of the definition of each of the targets. 

Table 9.3 Targets with Archaeological Potential in the Wind Farm Area 

Target East North Type Size (m) 

A1 861767 817021 Potential wreck 4 x 16 

A2 859299 815872 Potential wreck 6 x 46 

A3 860994 814898 Unknown (potential anchor) 1 x 4 

A4 859200 815735 Unknown (potential wreck related) 5 X 9 

A5 859250 816803 Potential wreck 11 x 36 

A6 859969 817189 Unknown (potential wreck related) 4 x 7 

A7 861076 812689 Unknown (potential wreck related) 7 x 10 
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9.7.3 Target A1 

9.7.3.1 This target is located approximately 1 km south of the proposed wind monitoring 
mast.  The definition of Target A1 is weak and can only be recognised because of 
the uniform seabed conditions. 

9.7.3.2 The target appears to be linear and largely buried or only slightly prominent, and its 
observed dimensions are approximately 16 metres by 4 metres.  While the identity 
cannot be confirmed from side-scan data interpretation alone, the possibility of a 
wreck cannot be discounted. 

9.7.4 Target A2 

9.7.4.1 This target is located near the western apex of the wind farm site.  The marine 
geophysical survey results indicate that the target is approximately 46 metres long 
and 6 metres wide, and as its location coincides with a record of a shipwreck 
(Figure 9.2 refers), it may well be the side of a ship hull.  If the target is the same 
wreck, its sharp definition would suggest it is of fairly recent origin and not of any 
particular heritage value. 

9.7.4.2 The geophysical survey also suggests that the target is only slightly prominent on 
the seabed and may include an associated depression, although this finding is 
notably different than the account of the UK Hydrographic Office which suggested 
a far more prominent target, some 9 metres above the seabed. 

9.7.4.3 As such, an initial dive survey was conducted at the area by BMT in September 
2006, primarily to explore its ecological potential, that is, if the target is a shipwreck 
then there may be potential for it to physically support coral growth.  Ultimately no 
wreck was observed, thus suggesting it is not elevated to 9 metres above the 
seabed, but is hidden within highly fluidised marine mud that was encountered 
during the dive. 

9.7.4.4 The likely hypothesis remains that this wreck is of modern origin, but in the 
absence of evidence at this time the target has been retained for further 
investigation. 

9.7.5 Target A3 

9.7.5.1 The figure of Target A3 in the Annex displays it as being located in the centre of 
the Wind Farm. It is of small size, being approximately 4m by 1m, and lies adjacent 
to or at the end of a drag mark. 

9.7.5.2 If directly associated with the drag mark then it is likely of modern origin, and is 
quite possibly an anchor.  For this reason, this target has been assigned a low level 
of potential marine archaeological value, but has been retained subject to further 
investigation. 

9.7.6 Target A4 

9.7.6.1 As the seabed is largely flat and homogenous, this provides a valuable backdrop to 
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support the identification of contrasting anomalies.  From a review of the side-scan 
sonar data, it was possible to identify only a few such anomalies, and by taking a 
precautionary approach Target A4 was identified. This target is relatively small but 
notably angular, with dimensions of approximately 5 x 9m, and may potentially be 
related in some way to a wreck but has been redistributed by trawling activity. 

9.7.7 Target A5  

9.7.7.1 This target is located approximately 38 m south of the northwest boundary of the 
Wind Farm site.  The marine geophysical survey results indicate that the target is 
approximately 36 metres long and 11 metres wide.  Its size and its definition 
suggest it a shipwreck, although with no historical records to confirm this it may be 
of contemporary origin. Target A5 has been retained as a precaution.  

9.7.8 Target A6 

9.7.8.1 Similar to Target A4, it was possible to identify an anomaly with dimensions of 
approximately 4 x 7m that may also potentially be related in some way to a wreck 
element that has been redistributed by trawling activity.  Target A6 is poorly 
defined, and has been retained as a precaution. 

9.7.9 Target A7 

9.7.9.1 Similar to Target A4 and A6, one further anomaly, this time with dimensions of 
approximately 7 x 10m was identified from data analysis.  Target A7 may also be 
wreck-related, that has potentially been redistributed by trawling activity, and has 
therefore also been retained as a precaution. 

Cable Route  

9.7.9.2 The seabed condition along most of the cable route corridor does not meet the 
required criteria for the burial and preservation of artefacts.  However, Target A8 
has been selected for its unusual appearance and possible partial burial.  Table 9.4 
summarises the Target. 

Table 9.4 Targets with Archaeological Potential along the Cable Route 

Target East North Type Size (m) 

A8 845551 814126 Unknown  1m (with 6m separation) 

 

9.7.9.3 Target A8 is located in an area of sand to the south of Fat Tong Chau where 
extensive trawl / drag marks were visible (Appendix 9A refers).  Target A8 consists 
of two prongs each rising approximately 1 metre above the sea floor and separated 
by a distance of approximately 6 metres. 

9.7.9.4 The proximity and similarity of the prongs suggests that they may be part of a 
single partly buried target.  While the identity and hence significance of Target A8 
is unknown, it is noted that it is located some 90m northwest of a possible wreck as 
displayed on the Hong Kong marine charts generated by the UK Hydrographic 
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Office (Figure 9.2 refers).   While the possibility of there being a wreck was 
subsequently discounted by the HKSAR Hydrographic Office, some potential 
remains that Target A8 represents wreck-related deposits redistributed by trawling 
activity. 

9.7.10 Evaluation of Importance of Identified Targets 

9.7.10.1 On account of the absence of supporting documents that could indicate the history 
of these targets, it is not possible to signify their archaeological importance with 
any certainty.  Amongst all targets, Targets A2, A3 and A5 are believed to be of 
modern origins due to their characteristic features captured by the side scan sonar 
whilst the rest of the objects remain unknown.  As such, Targets A2, A3 and A5 are 
classified as of low value.  

9.7.10.2 Considering the maritime history of Eastern Waters and that the potential of 
archaeological significance cannot be dismissed, it has been determined that the 
eight exposed or partly exposed targets on the seabed pose marine archaeological 
potential.  Additionally, the potential remains for the presence of entirely buried 
and/or masked targets with marine archaeological potential within the assessment 
area. 

9.7.10.3 Taking a precautionary approach, all targets except Targets A2, A3 and A5 with 
archaeological potential are therefore considered to be of high / very high value. 

9.8 Construction Phase Impact Assessment 

9.8.1.1 As referred in sub-section 9.6.2, different project construction activities may affect 
targets to a varying extent depending on their scale, nature and location. The 
following sources that may pose potential impacts to these targets include: 

 Foundation construction for turbines and offshore transformer station. 

 Transmission and array cable laying works. 

 Vessel anchoring / stabilisation. 
 

9.8.1.2 Potential impacts associated with the construction activities are primarily direct 
impacts. 

9.8.1.3 The impact potential decreases with increasing distance between targets of 
archaeological potential and sources of impacts.  Figure 9.5 presents the overlay of 
the location of the eight targets and the tentative project layout. 

9.8.1.4 Table 9.5 presents the approximate distance separation of each target to the 
closest permanent works area. 
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Table 9.5 Distance Separation of Targets from Works Areas 

Target Size (m) Approx. Distance from 
Works (m) 

Nature and Scale of 
Works 

A1 4 x 16 0 / 160 Array cable jetting / 
Turbine foundation 

A2 6 x 46 190 

A3 1 x 4 230 

A4 5 X 9 280 

A5 11 x 36 210 

A6 4 x 7 230 

A7 7 x 10 160 

Turbine foundation 

A8 2@ 1m ea. (with 6m 
separation) 

130 Transmission cable 
jetting 

 

9.8.1.5 Disturbance magnitude is taken a function of works nature and scale, and proximity 
of works to a given target.  With reference to Table 9.5 the closest targets to works 
locations are: 

 Target A1 – positioned directly on the array cable route on the preferred 
North-South array cable alignment, or 160m from the nearest turbine. 

 Target A8 - approximately 130m from the transmission cable route. 
 

9.8.1.6 For Target A1, a potential wreck with dimension 4m x 16m, direct impact from array 
cable jetting is anticipated.  The Jetting operation involves fluidising sediments 
whilst cables are being laid and buried into the desired sediment depth using a 
remotely operated vehicle (ROV).  The anticipated direct impact is potential 
damage to this target from high-pressured water jetting.  Thus, the impact is 
considered to be potentially very significant and mitigation is proposed in sub-
section 9.10. 

9.8.1.7 Target A8 is located within an active trawling zone about 130m from the 
transmission cable jetting.  Based on the distance separation as indicated by the 
current layout arrangement, no significant direct or indirect impacts are anticipated. 
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9.9 Operation Phase Impact Assessment 

9.9.1.1 The key potential impact associated with Project operation is anchor damage upon 
exposed artefacts or targets of potential archaeological interest.  Accordingly, a 
buffer zone shall be implemented to ensure adequate separation between 
permanent structures and targets of archaeological potential.  Section 9.10 refers. 

9.9.1.2 The ultimate value of targets will be subject to the findings of the additional 
penetrative survey but at the EIA stage, all targets are conservatively assumed to 
be of high / very high marine archaeological value.  With reference to Table 9.2, the 
disturbance magnitude of works is considered as negligible, and therefore only 
minor impacts are anticipated during Project operation. 

9.10 Impact Mitigation and Best Practice Measures 

9.10.1 Mitigation of Potential Impacts on Target A1 

9.10.1.1 Based on the current tentative array cable alignment (Figure 9.6 refers), Target A1 
may be exposed to an adverse impact during jetting.  Accordingly, it is proposed to 
re-route the array cable alignment to eliminate the potential impact.  Figure 9.7 
displays the amended array cable alignment in the vicinity of Target A1. 

Figure 9.6 Tentative Turbine Locations and Array Cable Alignment 
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Figure 9.7 Re-routed Array Cable near Target A1 

 
 

9.10.1.2 Since additional penetrative investigation will be conducted during the detailed 
design studies stage, in case other buried / masked objects are identified where 
construction is scheduled, avoidance shall be adopted as the primary mitigation 
approach as far as practicable. 

9.10.1.3 Provided that the recommended mitigation measures are fully implemented, the 
distance between all targets and works areas shall exceed the 150m buffer zones 
and thus potential impact potential is considered to be minor. 

9.10.2 Best Practice Impact Avoidance Measures for all Targets 

9.10.2.1 With the exception of Target A1 located on the proposed array cable route, the 
construction and operational phase impact assessments have indicated that no 
adverse impacts are anticipated, i.e., impact significance varies from ‘minor’ to 
‘insignificant’. 

9.10.2.2 As the development intention is to maintain the disturbance magnitude at the 
minimum level practicable, a 150m-diameter buffer zone shall be implemented 
around each identified target as a best practice measure to ensure potential 
impacts can be avoided. Within these buffer zones there shall be no permanent 
works or temporary anchoring of construction or maintenance vessels. 

9.10.2.3 The buffer separation shall be implemented with the use of on-board GIS systems 
for marine vessel manoevring. 
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9.11 Residual Impacts 

9.11.1.1 With implementation of the referred mitigation measures, no adverse residual 
impacts are anticipated during Project construction or operation. 

9.12 Environmental Monitoring & Audit 

9.12.1.1 It is the full intention that the Project gives priority to impact avoidance through the 
sensitive location of turbines and cables, rather than impact mitigation.  To ensure 
the Project development does not result in any unforeseen impacts on objects of 
marine archaeological potential, further marine geophysical comprising seismic and 
magnetic surveys shall be conducted across the Study Area as the detailed 
engineering design advances, and before any marine construction works 
commence.  

9.12.1.2 Such further marine geophysical surveys shall be conducted to an appropriate 
specification prepared by a qualified geophysicist and to the satisfaction of a 
qualified marine archaeologist.  Upon completion of the surveys, a Report shall be 
prepared by the qualified marine archaeologist for submission to AMO to include 
inter alia, the findings of the further marine geophysical survey and a discussion on 
the need for dive surveys.   

9.12.1.3 Should any additional targets of archaeological significance be identified during 
these surveys, potential adverse impacts shall be mitigated via a strategy of 
avoidance. 

9.12.1.4 It is also proposed the 150m buffer separation be implemented with the use of on-
board GPS systems for marine vessel positioning.  The contractor shall be required 
to maintain such records during construction for those works in the vicinity of the 
targets. 

9.12.1.5 In addition to the mitigation measures stated in the EIA documents, the further 
marine geophysical survey report shall recommend appropriate mitigation 
measures to address adverse impact, if any. All the mitigation measures should be 
implemented and monitored before the commencement of construction works. 

9.13 Conclusion & Recommendations 

9.13.1.1 A marine archaeological impact assessment has been conducted in accordance 
with Clause 3.4.6 of the EIA Study Brief and Appendix C to the Brief. 

9.13.1.2 Following desktop study and marine geophysical survey, a total of eight partially 
buried targets with marine archaeological potential have been identified. An 
experienced geophysicist and a marine archaeologist were engaged to interpret 
the survey findings. 

9.13.1.3 The location and dimensions of Target A2 is consistent with a wreck as found on 
marine charts developed by the hydrographic offices of the Hong Kong SAR and 
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the United Kingdom.  None of the remaining seven targets exactly coincided with 
those detailed on the HKSAR marine charts. 

9.13.1.4 It was concluded that Target A2 and also Target A3 and Target A5 are likely to be 
of modern origin, and hence of low marine archaeological potential.  The nature 
and archaeological potential of Targets A1, A4, A6, A7 and A8 are unknown at this 
time and as a precautionary measure at this planning stage it has been concluded 
they are of high marine archaeological potential. 

9.13.1.5 It has been identified that Target A1 may potentially be impacted by array cable 
installation, and mitigation measures have been proposed accordingly.  A buffer 
separation zone to avoid direct impacts on all targets during construction and 
operation has also been proposed as a best practice. 

9.13.1.6 Further marine geophysical investigations adopting seismic and magnetic surveys 
shall be conducted in parallel with the detailed marine engineering design prior to 
any site works.  This further survey shall provide further information as to the 
nature and the marine archaeological potential of all eight identified targets, and 
shall also generate information on the nature and marine archaeological potential 
of any entirely buried and / or masked targets that side scan sonar alone is unable 
to detect. 

9.13.1.7 Upon completion of the surveys, a Report shall be prepared by the qualified marine 
archaeologist for submission to AMO to include inter alia, the findings of the further 
marine geophysical survey and a discussion on the need for dive surveys. 

9.13.1.8 Overall, the planning approach has been a precautionary one of impact avoidance 
by sensitively locating turbines and marine cables, rather than impact minimisation.  
With this approach, no adverse impacts on cultural heritage / marine archaeology 
are anticipated. 
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10 Landscape & Visual Impacts 

10.1 Introduction 

10.1.1 Background 

10.1.1.1 Wind turbines in the landscape are a relatively recent phenomenon and the ways in 
which people perceive their visual effect has only recently become clear.  In 
particular both the functional aspects of their form and the symbolic meaning of 
wind turbines may be fundamentally different to other types of development and 
this in turn may affect the extent to which people perceive that they may be 
appropriate / acceptable in the landscape. 

10.1.1.2 Such perceptions are discussed in this Section as part of the technical 
assessments of landscape and visual impacts associated with proposed 
development of an offshore wind farm in the south-eastern waters of the HKSAR. 

10.1.2 Objectives 

10.1.2.1 Clause 2(vi) of the EIA Study Brief (ESB) states that a core objective of this EIA 
Study Report is to, “identify and quantify any potential landscape and visual 
impacts and to propose measures to mitigate these impacts”. 

10.1.2.2 Specifically, Section 3.4.4 of the ESB requires an assessment of both the 
construction and operational phase impacts of the Project.  Accordingly, this 
assessment includes: 

 Definition of the scope and contents of the study, including a description of 
the assessment methodology; 

 Review of relevant planning and development control framework; 

 Review of literature on established public preference with regard to the 
appearance of wind turbines in the landscape and also a literature review of 
professional opinion on the appearance of power generation facilities in the 
landscape; 

 Baseline study providing a comprehensive and accurate description of the 
baseline landscape and visual character; 

 Identification of the potential landscape and visual impacts and prediction of 
their magnitude and potential significance, before and after mitigation 
measures; and 

 Recommendation of appropriate mitigation measures and associated 
implementation programmes. 
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10.2 Legislation, Standards & Guidelines 

10.2.1.1 The following legislation, standards and guidelines are potentially applicable to the 
assessment of landscape and visual impacts associated with the construction and 
operation of the Proposed Hong Kong Offshore Wind Farm in South-eastern 
Waters Project: 

 Environmental Impact Assessment Ordinance (Cap.499.S.16) and the 
Technical Memorandum on EIA Process (EIAO TM), particularly Annexes 
10, 11 and 18; 

 EIAO Guidance Note 8/2002; 

 Hong Kong Planning Standards and Guidelines; 

 Town Planning Ordinance (Cap 131); 

 Forests and Countryside Ordinance (Cap. 96) and its subsidiary legislation 
the Forestry Regulations; 

 Country Parks Ordinance (Cap 208); 

 Marine Parks Ordinance (Cap 476) and associated subsidiary legislation; 

 Study on South East New Territories Development Strategy Review: 
Landscape and Conservation Framework; 

 Territorial Development Strategy Review: 1995. 

10.3 Assessment Approach 

10.3.1 Limits of the Assessment Area 

10.3.1.1 The limit of the landscape impact study is 500m beyond the limit of the Works 
(Figures 10.3 and 10.4). The limits of the visual impact study are the Primary Visual 
Envelope of the works, which is illustrated in Figures 10.7a and 10.7b. 

10.3.2 Assessment Methodology 

10.3.2.1 Landscape and visual impacts have been assessed separately for the construction 
and operational phases. 

10.3.2.2 The assessment of landscape impacts has involved the following procedures: 

 Identification of the baseline physical landscape resources and landscape 
character found within the Assessment Area.  This is achieved by site visit 
and desktop study of topographical maps, information databases and 
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photographs. 

 Assessment of the degree of sensitivity to change of the landscape 
resources and Landscape Character Areas.  This is influenced by a number 
of factors, including rarity, quality, conservation status and importance, the 
presence statutory or regulatory limitations, maturity of the resource and the 
ability of the resource / character to recover or be recreated.    The 
sensitivity of each landscape resource and character area is classified as 
follows: 

 

High: Important landscape or landscape resource with particularly distinctive 
positive aspects of character or high rarity value, sensitive to relatively small 
changes.   

Medium: Landscape or landscape resource with moderately distinctive positive 
aspects of character or rarity value reasonably tolerant to change.   

Low: Landscape or landscape resource common across Hong Kong with little 
distinctive positive character or low rarity value with a high tolerance to 
change.   

 

 Identification of potential sources of landscape impact. These are the 
various elements of the construction works and operational procedures that 
will produce changes to the landscape.  

 Identification of the magnitude of landscape impact. Impact magnitude 
depends on various factors, including physical extent and context of the 
impact, project compatibility with the surrounding landscape, and impact 
frequency, duration and reversibility. Landscape impacts have been 
quantified wherever possible.  The magnitude of landscape impacts is 
classified as follows: 

 

Large: The landscape or landscape resource would 
experience a major change; 

Intermediate: The landscape or landscape resource would 
experience a moderate change; 

Small: The landscape or landscape resource would 
experience slight or barely perceptible changes; 

Negligible: The landscape or landscape resource would 
experience no discernible change. 

 

 Identification of potential landscape mitigation measures. Such measures 
may include adopting an alternative design and / or layout, use of remedial 
measures such as colour and textural treatment, and measures to 
compensate unavoidable adverse impacts.  A programme to implement 
mitigation measures has been provided.  The agencies responsible for the 
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funding, implementation, management and maintenance of the mitigation 
measures are identified and their approval-in-principle has been sought. 

 Prediction of the significance of landscape impacts before and after the 
implementation of the mitigation measures.  By synthesizing the magnitude 
of the various impacts and the sensitivity of landscape resources it is 
possible to categorize impacts in a logical, well-reasoned and consistent 
fashion.  Table 10.1 displays a matrix categorizing impact significance 
according to project impact magnitude and sensitivity of landscape 
resource/character.  The impact significance thresholds are defined as 
follows: 

 

Substantial: Negative / positive impact where the proposal would cause a very 
noticeable deterioration or improvement to existing landscape resources / 
character. 

Moderate: Negative / positive impact where the proposal would cause a noticeable 
deterioration or improvement to existing landscape resources / character. 

Slight: Negative / positive impact where the proposal would cause a barely 
perceptible deterioration or improvement to existing landscape resources / 
character. 

Insubstantial: No discernible change to existing landscape resources / character. 

 

 Prediction of Acceptability of Impacts.  An overall assessment of the 
acceptability, or otherwise, of the impacts according to the five criteria set 
out in Annex 10 of the EIAOTM. 

Table 10.1 Relationship between Receptor Sensitivity and Impact 
Magnitude in Defining Impact Significance 

 
Large Moderate 

Moderate / 
Substantial 

Substantial 

Intermediate Slight / Moderate Moderate 
Moderate / 
Substantial 

Small Insubstantial / Slight Slight / Moderate Moderate 
Magnitude 
of Impact 

Negligible Insubstantial Insubstantial Insubstantial 

  Low Medium High 

  Receptor Sensitivity 

(of Landscape Resource, Landscape Character Area or VSR) 
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10.3.2.3 The assessment of visual impacts has involved the following procedures. 

 Identification of the Visual Envelope for the Hong Kong Offshore Wind Farm 
in South-eastern Waters project.  This has been achieved primarily through 
the use of computer modelling (‘Windfarm’ software developed by Resoft) 
and reconfirmed by site visit to determine visibility of the Project from 
various locations. 

 Identification of the Visually Sensitive Receivers (VSRs) within the Primary 
Visual Envelope.  These are the people who would reside within, work 
within, play within, or travel through, the Primary Visual Envelope. 

 Assessment of the degree of sensitivity to change of the VSRs.   
 

10.3.2.4 The sensitivity of VSRs (those who will see the change in the landscape) is 
classified as follows: 

High: The VSR is highly sensitive to any change in their viewing experience. 

Medium: The VSR is moderately sensitive to any change in their viewing experience. 

Low: The VSR is only slightly sensitive to any change in their viewing experience. 

 

 VSRs are grouped and their sensitivity classified according to whether the 
person is at home, at work, at play, or travelling.  Those who view the 
impact from their homes are considered to be highly sensitive, as the 
attractiveness or otherwise of the outlook from their home will have a 
substantial effect on their perception of the quality and acceptability of their 
environment and their general quality of life.  Those who view the impact 
from their workplace are of low sensitivity as the attractiveness or otherwise 
of their outlook will have a less important effect on their perception of their 
quality of life.  Those who view the impact whilst taking part in an outdoor 
leisure activity may display varying sensitivity depending on the type of 
leisure activity (for example, hikers will have a higher sensitivity than those 
playing football).  Those who view the impact whilst travelling on a public 
thoroughfare will generally have a medium sensitivity, with passengers 
being more sensitive than drivers of vehicles (who are concentrating on 
navigating and controlling their vehicle). 

 Identification of the relative numbers of VSRs.  This is expressed in terms of 
whether there are very few, few, many or very many VSRs in any one 
category of VSR.  These terms are defined by size of a VSR group in Hong 
Kong that may be exposed to an impact over an average time period. For 
example, residents of a large public housing estate being ‘Very Many’, and 
residents of a small rural hamlet being ‘Very Few’). 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

 

ESB-146/2006 Issue 3, May 2009 Section 10 – Page 6 
 
 

 Identification of potential sources of visual impacts. These are the various 
elements of the construction works and operational procedures that would 
generate visual impacts.  

 Assessment of the potential magnitude of visual impacts.  Factors 
considered include: 

a) Duration and reversibility of the impact; 

b) Changes in the character of existing views; 

c) Distance of the source of impact from the viewer; and 

d) Degree of visibility of the impact (partial, full, glimpse). 
 

10.3.2.5 The magnitude of visual impact is classified as follows: 

 

Large: The VSRs would experience a major change in the character of their 
viewing experience. 

Intermediate: The VSRs would experience a moderate change in the character of 
their viewing experience. 

Small: The VSRs would experience a minor change in the character of their 
viewing experience. 

Negligible: The VSRs would experience no discernible change in the character of 
their viewing experience. 

 

 Identification of potential visual mitigation measures. Such measures may 
include adopting an alternative design and / or layout, use of remedial 
measures such as colour and textural treatment, and measures to 
compensate unavoidable adverse impacts.  A programme to implement 
mitigation measures has been provided.  The agencies responsible for the 
funding, implementation, management and maintenance of the mitigation 
measures are identified and their approval-in-principle has been sought. 

 Prediction of the significance of visual impacts before and after the 
implementation of the mitigation measures.  By synthesizing the magnitude 
of the various impacts (changes in view) , the sensitivity of the VSRs, and 
the number of affected VSRs, it is possible to categorize impacts in a logical, 
well-reasoned and consistent fashion.  Table 10.1 displays a matrix 
categorizing impact significance according to the magnitude of impact 
(change), and sensitivity of affected VSRs.  Consideration is also given to 
the relative numbers of affected VSRs in predicting the final impact 
significance - exceptionally low or high numbers of VSRs may change the 
result that might otherwise be concluded from Table 10.1. The significance 
of the visual impacts is categorised as follows: 
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Substantial: Negative / positive impact where the proposal would cause 
significant deterioration or improvement in existing visual character 
perceived by the general population. 

Moderate: Negative / positive impact where the proposal would cause a 
noticeable deterioration or improvement in existing visual character 
perceived by the general population. 

Slight: Negative / positive impact where the proposal would cause a barely 
perceptible deterioration or improvement in existing visual character 
perceived by the general population. 

Insubstantial: No discernible change in the existing visual character perceived by 
the general population. 

 

 Prediction of Acceptability of Impacts.  An overall assessment of the 
acceptability, or otherwise, of the impacts according to the five criteria set 
out in Annex 10 of the EIAOTM. 

 

10.3.2.6 In addition, the following assumptions have been made in the assessment:  

 All mitigation proposals in this report are practical and achievable within the 
known parameters of funding, implementation, management and 
maintenance.  The suggested agents for the funding and implementation 
(and subsequent management and maintenance, if applicable) are indicated 
in Tables 10.2 and 10.3. 

 

10.3.3 Planning and Development Control Framework 

10.3.3.1 A review has been undertaken of the current landscape planning goals and 
objectives and landscape planning designations for the Assessment Area.   

10.3.3.2 As the Study Area is in offshore waters, there are no Outline Zoning Plans that 
cover the Study Area.   

10.3.3.3 The Study Area falls outside the area designated as a Potential Marine 
Conservation Area under the ‘Landscape and Conservation Framework’ of the 
Study on the South East New Territories Development Strategy Review’ and is not 
covered by any particular landscape strategy under that document (Figures 10.1a 
and 10.1b). 

10.3.3.4 The Study Area falls outside the area designated as a Potential Site for Geological 
Park (Sai Kung Region) under the Country and Marine Parks Board Proposal to set 
up a Geopark in Hong Kong (Figures 10.1a and 10.1b). 

The Study Area falls outside the area designated as an Inshore Protection Area 
under the ‘Landscape Strategy Components’ of the Territorial Development 
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Strategy Review – 1995 and is not covered by any particular landscape strategy 
under that document (Figures 10.2a and 10.2b). 

10.4 Review of Literature on the Appearance of Wind Turbines in the 
Landscape 

10.4.1 Public Perception Research on the Appearance of Wind Turbines 

10.4.1.1 Over approximately the last 20 years, a variety of surveys have been conducted to 
determine the reaction of the public to wind turbines.  These surveys, carried out in 
the UK and the USA cover a variety of environmental aspects, and with respect to 
visual issues, a number of findings are notable: 

10.4.1.2 The independent NOP ‘Wind Tracker’ Poll conducted annually on some 1,000 
adults in the UK reported from its 2006 survey that: 

 62% of respondents did not consider wind farm appearance as being 
important; 

 56% of respondents would be happy to have a wind farm in their area and 

 21% of respondents had no strong views on the issue. 
 

10.4.1.3 The UK Government (DTI) surveyed local residents after completion of a wind farm 
project in Wales (Cemmes).  They found that 54% of respondents felt that the 
turbines had a positive impact on the landscape and 27% had no strong view with 
regard to their appearance (cited in Wind-works.org). 

10.4.1.4 A survey of some 1,000 people conducted by Populus in the UK in 2005 reported 
that 47% of respondents had no strong feelings on wind farm appearance, 28% 
liked the appearance and 24% did not like the appearance (cited in BWEA.com). 

10.4.1.5 The Government body, Countryside Council for Wales conducted surveys in 1992-
93 in Wales and found that between 50% and 75% of respondents living in areas 
around wind farms thought that wind turbines were in keeping with the landscape.  
Around 20% of respondents stated they found turbines visually objectionable (cited 
in Wind-works.org). 

10.4.1.6 Further interesting findings have been revealed by a Mori Poll in 2003 which 
showed that when respondents in Scotland were surveyed before and after the 
implementation of a wind farm project, the numbers who found the appearance of 
wind farms objectionable, fell from 27% to 12% after completion of the Project 
(cited in BWEA.com).  That is, the actual appearance of wind farms is more 
agreeable than the perception prior to development. 

10.4.1.7 Indeed, to reinforce the point above Revie and Stein have reviewed all available 
public preference surveys into wind farms and concluded that “To date, every 
survey of public opinion taken after construction has shown a considerable majority 
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in favour of a wind farm” (Revie and Stein, 1997, p.49).  

In a survey carried out by the Delaware College of Marine and Earth Studies, USA 
as part of the Delaware Opinion on Offshore Wind Power (2007) researchers found 
that with regard to a proposed offshore wind farm “there was a small expressed 
intention to not visit beaches with visible turbines.  However, a much larger percent 
expressed a desire to visit a beach not previously visited for the purpose of seeing 
turbines”. 

10.4.1.8 Thayer and Freemen, (1987) carried out research surveys into a proposed wind 
farm at Altamont in California, USA.  Their research suggested that public 
preferences included (Thayer and Freeman 1987, pp. 395-396): 

 Use of neutral colours for turbines; 

 Evenly spaced arrays of turbines; 

 Consistency in turbine type and size within arrays; 

 Use of fewer, larger turbines in preference to the use of more smaller ones; 
and 

 Minimization of conspicuously malfunctioning turbines – turbines look more 
acceptable when they are operating. 

 

10.4.1.9 This research has since proven to be fairly accurate and modern wind farms are 
designed in accordance with the principles established by Thayer and Freemen. 
Overall, surveys of wind farm perception from the UK and USA consistently show 
that: 

 Typically 50-70% of respondents have no adverse feelings on the visual 
appearance of wind farm developments after construction; and 

 There is a preference for consistency of size, formal layout and maximum 
turbine size as opposed to multiplication of smaller sized turbines. 

 

10.4.2 Professional Approaches to the Appearance of Wind Turbines in the 
Landscape  

10.4.2.1 Professional consensus amongst Landscape Architects and those involved in the 
field of landscape aesthetics has identified a number of key principles with regard 
to the visual appearance of large engineering structures in the landscape. 

10.4.3 The Relationship between Landscape and Large Structures 

10.4.3.1 It is widely acknowledged in the field of Landscape and Visual Impact Assessment 
that there is no necessary correlation between a man-made development per se 
and visual impact.  Neither is there a necessary correlation between the size of a 
structure and the magnitude of impact (or the significance of that impact).  What is 
widely recognised as being important, is that the development should correspond 
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to the visual characteristics and components of the landscape in which it sits 
(Crowe, p17).  

10.4.4 Principles for the Siting and Design of Large Structures in the Landscape 

10.4.4.1 Scale: The eminent UK Landscape Architect, Sylvia Crowe wrote a seminal book 
on the effect of power generation infrastructure on the landscape, ‘The Landscape 
of Power’ – which is as valid today as it was when it was written.  In it, she states 
that it is important that when siting large landscape structures in the landscape they 
be of scale that responds to the scale of other features in the landscape.  
Therefore, large structures are more appropriate in landscapes dominated by 
large-scale features (e.g., lakes and mountains).  When dealing with large power 
generation structures in the landscape, Crowe states that it is important to maintain 
a “zone of simplicity” (Crowe, p46) which is a zone between the viewer and the 
structure which does not contain features of a human scale which will accentuate 
the scale of the structure.  If the “zone of simplicity” is maintained, then large 
structures will not appear out of scale. 

10.4.4.2 Design of Structures in the Landscape: Sylvia Crowe also states that “Once a 
structure exceeds 100ft, rising above the tallest trees, the effect on the landscape 
of any further increase in height is far less important than an increase in bulk”.  
When considering the relationship of power generation infrastructure to the 
landscape, Crowe states that the ”feeling of detachment generated by a structure 
that floats or rests lightly on the ground, suggest one of the answers to the problem 
of reconciling machines and the landscape” (Crowe, p49). 

10.4.4.3 Relationship of Forms to Function: Sylvia Crowe believes that power generation 
structures may, in certain cases, become gradually accepted as a natural part of 
the landscape, provided that their form expresses their purpose rather than being 
an attempt to disguise it.  She states that, “probably the human eye will gradually 
become accustomed to the new shapes which embody processes of thought and 
translate into visible, physical forms, the pattern of universal laws.  But this will 
happen only if the shapes truly represent these laws and do not masquerade as 
enlarged habitations of the human body.” (Crowe, p17). 

10.4.4.4 Sensitivity / Capacity of Seascape: Certain landscapes / seascapes may be 
more appropriate than others for the location of large, power generating structures.  
The UK ‘Guide to Best Practice in Seascape Assessment’ (2001) states that “the 
marine component has a uniform but low capacity in itself.  Yet its large scale can 
absorb some small change without affecting its overall character – especially 
where the change is well out to sea and well away from land-based receptors.” 
(Maritime Institute for Ireland & Countryside Council for Wales (2001), Para 6.6)   

10.4.5 The Potential Positive Visual Impacts of Wind Turbine Structures 

10.4.5.1 In the context of wind power, across the world, wind turbines have not only been 
repeatedly found to be acceptable in visual terms, but in some cases have been 
found to enhance the landscape.   
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10.4.5.2 In the UK, the Secretary of State’s for the Environment’s planning inspector stated 
when he approved a wind farm in the Area of High Landscape Value in the rural 
area of St Breock in Cornwall: 

10.4.5.3 “With a sympathetic colour scheme, [the turbines] would be visually in keeping with 
this designated area and would enhance the view.  The scheme would emphasise 
the sense of space and distance that is so characteristic of this…landscape.  The 
proposal would not detract from the landscape character of the area in purely 
visual terms, rather it would, in my view complement it” (cited in Planning 
Application for the proposed St Breock Wind Farm, Environmental Statement 
(2002), p9). 

10.4.5.4 Similarly, a local district councillor speaking for a local community in Scotland 
stated after the completion of a local wind farm: 

10.4.5.5 “The Ardrossan wind farm has been overwhelmingly accepted by local people – 
instead of spoiling the landscape we believe it has been enhanced.  The turbines 
are impressive looking [and] bring a calming effect to the town…” (cited in 
BWEA.com). 

10.4.5.6 US Landscape Architect Robert Thayer states in his seminal work ‘Gray World, 
Green Heart: Technology, Nature and the Sustainable Landscape’ that viewers 
ascribe cultural and symbolic value to technological features in the landscape. 
Reviewing the results of a case study at the Montezuma Hills Wind Farm, Solano 
County California, he states that wind turbines have a positive visual association 
because their form is directly related to a sustainable function (i.e. the generation of 
clean renewable energy).  He states that “This rather direct expression of function 
serves to reinforce wind energy’s sense of landscape appropriateness, clarity and 
comprehensibility.  In the long run, wind energy will contribute highly to a unique 
sense of place” (Thayer, 1994).    

10.4.6 Conclusions 

10.4.6.1 Combined evidence from research into public perception of the appearance of wind 
farms and professional opinion suggests the following principles: 

 A majority of people living close to wind farms believe wind turbines make 
no negative impact on the landscape (cited in BWEA and Windworks.org); 

 People generally find wind turbines more acceptable when they see them, 
than when they try to imagine them (Mori cited in BWEA) and a majority 
ultimately are in favour of the wind farm (Revie and Stein).  They may 
become habituated to new or novel forms in the landscape where these 
forms possess a simple integrity (Crowe); 

 People prefer turbines of a consistent size and formal layout (Thayer);   

 Turbine size should be maximised in preference to a multiplication of 
smaller turbines (Thayer); 
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 Large structures should be sited in landscapes where they are well away 
from smaller structures, so that their scale is not emphasised.  A “zone of 
simplicity should be maintained” (Crowe); 

 Tall, slender structures with a small interface with the landscape and which 
seem to “float” on it are more preferable to low bulky structures (Crowe); 

 People find wind turbines more acceptable than other power generation 
structures due to the relationship of their form to their function and because 
of their psychological associations with clean, sustainable energy (Crowe 
and Thayer); 

 Coastal offshore landscapes are suitable for the location of large structures 
due to their size and scale and the fact that they are remote from large 
numbers of visual receivers (Maritime Institute for Ireland & Countryside 
Council for Wales); 

 With regard to offshore windfarms, more people view visible turbines as a 
visual attraction than those who see them as being deterrent features 
(University of Delaware College of Marine and Earth Studies); 

 There is some opinion that wind farms may result in positive visual impacts 
both through contributing to a sense of place and also due to their positive 
perceptual connotations with sustainable energy (Thayer, DTI cited in 
Windworks.org). 

10.5 Baseline Conditions and Visual Sensitive Receivers 

10.5.1 Physical Landscape Resources 

10.5.1.1 Being a marine site, the landscape resources that will be affected by the Project 
are limited to the offshore waters themselves.  There are no islands or landmasses 
within the Study Area. 

10.5.1.2 The offshore waters that will be affected during the (Pre) Construction Phase and 
Operational Phase, together with its sensitivity to change, are described below.   

10.5.1.3 The locations of the offshore waters are mapped in Figure 10.3.  Photo-views 
illustrating them are provided in Figures 10.5 and 10.6. For ease of reference and 
co-ordination between text, tables and figures the landscape resource is given an 
identity number (LR1). 

10.5.1.4 LR1 – Offshore Waters – this resource consists of an extensive body of offshore 
water lying off the coast of Hong Kong extending as far as the boundary of Hong 
Kong Territorial Waters.  Hong Kong has an abundance of offshore water and 
given this abundance, it is a landscape resource of low sensitivity. 
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10.5.2 Landscape Character Area 

10.5.2.1 One landscape character area (LCA) covers the entire Study Area.  This was 
identified in Planning Department’s Landscape Value Mapping Study (2005) and is 
described below.  The location of the character area is indicated on Figure 10.4.  
Photographs showing the character of the LCA are provided in Figures 10.5 and 
10.6.  For ease of reference and co-ordination between text, tables and figures, the 
Landscape Character Area is given the identity number, LCA1. 

LCA1 – East Hong Kong Offshore Waters 

10.5.2.2 This landscape comprises an extensive, homogenous area of offshore water off the 
east coast of the New Territories of Hong Kong, between Mirs Bay in the north and 
the Po Toi Islands in the south. 

10.5.2.3 It consists predominantly of the water itself as well as a number of small rocky 
islands scattered throughout them typically rising to no more than 50mPD.  These 
include Cheung Tsui Chau; Conic Island (Fan Tsang Chau); Po Pin Chau; Wong 
Nai Chau and Kong Tau Pai. Vegetation on these islands comprises patches of 
scrub and grass.  Apart from the waters and these scattered islands, the landscape 
also includes occasional commercial and pleasure craft.  This is a landscape in 
which the skies and their quality are almost as important as other features, giving it 
an expansive, open and ‘airy’ quality.  It is also an almost uniform landscape of 
huge scale elements, which has a character that is generally tranquil and which 
has a distinct sense of remoteness and exposure.   

10.5.2.4 Islands within this LCA but beyond the limits of the study area include High Island, 
Tai Long Wan, Sharp Island, Ninepin Group, Wang Chau, Basalt Island and Bluff 
Island, all of which feature rare volcanic columns and are included in the Sai Kung 
portion of the Proposed Geological Park. However, as these islands fall outside the 
study area for the Project there will be no additional residual landscape impacts 
affecting the landscape character of the proposed Geological Park (Figures 10.1a 
and 10.1b). 

10.5.2.5 This is a very extensive landscape and so changes to it are likely to be small in 
magnitude.  However, it is also a landscape, which by virtue of its openness and 
simplicity has a high sensitivity to change. 

10.5.3 Visual Envelope 

10.5.3.1 The Visual Envelope for the Project will be largely similar during the (Pre) 
Construction Phase and Operational phase, as there will be no especially tall 
temporary machinery or structures associated with construction works.   

10.5.3.2 For the purposes of the Study, the Visual Envelope is divided into a Primary Visual 
Envelope and a Secondary Visual Envelope.  The Primary Visual Envelope is that 
area within 15km of the Project from which it can be seen.  Although in a small 
number of cases, there will be a direct line of sight to the Project from areas 
beyond this distance, the effects of distance will mean that any visual impacts are 
not significant.   
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10.5.3.3 Given the marine location of the Project, the Visual Envelope will be large, with 
intervening landforms defining it only to the north-west, west and south west.  The 
Primary Visual Envelope is described below and is mapped in Figures 10.7a and 
10.7b. 

10.5.3.4 To the north and north-west, the Primary Visual Envelope covers the shore of the 
south-east New Territories from Basalt Island, Bluff Island, Town Island and the 
mouth of the High Island Reservoir, extending north to Tai Long Wan and the 
adjacent headland.  This area includes small sections of road running along the 
southern shore of the Reservoir and in foothills to the north.  The Primary Visual 
Envelope also includes the south east coast of Kau Sai Chau (and very small areas 
of the golf course) and Jin Island. The Proposed Geological Park (Sai Kung 
Region) falls within this portion of the Primary Visual Envelope. 

10.5.3.5 To the west, the Primary Visual Envelope extends as far as the spit of land 
separating Inner Port Shelter from Hebe Haven, as well as the mouth of Hebe 
Haven itself.  Turbines will be visible along part of the east of Clear Water Bay 
Peninsula, west to the High Junk Peak Trail and as far south as the Clear Water 
Bay Country Club and the east coast of Tung Lung Chau. 

10.5.3.6 To the south and southwest, the Primary Visual Envelope includes extensive areas 
of offshore water as far as Waglan Island and Sung Kong Island. 

10.5.3.7 Finally, to the south and east, the Primary Visual Envelope includes areas of 
offshore water as far as the boundary of Hong Kong SAR territorial waters. 

10.5.4 Visually Sensitive Receivers (VSRs) 

10.5.4.1 Within the Primary Visual Envelope for the (Pre) Construction and Operational 
Phases, key Visually Sensitive Receivers (VSRs) have been identified.  These 
VSRs are mapped in Figure 10.8.  They are listed below, and also, together with 
their sensitivity, in Table 10.5.   The views currently experienced by VSRs are 
shown in Figures 10.9 to 10.20.  For ease of reference, each VSR is given an 
identity number, which is used in the text tables and figures.   

Recreational Visually Sensitive Receivers 

10.5.4.2 Recreational VSRs are as follows: 

 R1 Visitors / Hikers on Tung Lung Chau 

 R2 Recreational Boat Users west of Project (>5km and <10km) 

 R3 Users of Clearwater Bay Country Club 

 R4 Hikers on High Junk Peak Trail 

 R5 Users of Clear Water Bay Country Park (East) 

 R6 Users of Little Palm Beach 

 R7 Users of Silverstrand Beach 

 R8 Recreational Boat Users in Port Shelter (>10km and <15km) 

 R9 Recreational Boat Users in Rocky Harbour (>5km and <10km) 
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 R10 Users of Kau Sai Chau Golf Course 

 R11 Users of HK Sea Cadet Corps Nautical Centre 

 R12 Users of Sai Kung East Country Park 

 R13 Users of Long Ke Wan Bay and Beach 

 R14 Users of Sai Kung Man Yee Road 

 R15 Hikers on Sai Wan Shan Peninsula 

 R16 Users of Pak Lap Wan Bay and Beach 

 R17 Users of Tai Long Wan Bay and Beach 

 R18 Hikers on Sharp Peak Foothills 

 R19 Recreational Boat Users north of Project (>5km and <10km) 

 R20 Recreational Boat Users north of Project (>10km and <15km) 

 R21 Recreational Boat Users >5km and <10km of Project 

 R22 Users of Clearwater Bay First and Second Beaches 

 R23 Visitors to Proposed Geological Park <5km from Project 

 R24 Visitors to Proposed Geological Park >5km and <10km from Project 
 

Travelling Visually Sensitive Receivers 

10.5.4.3 Travelling VSRs are as follows: 

 T1 Travellers on Tung Lung Chau Ferry 

 T2 Motorists on Clear Water Bay Road 

 T3 Motorists on Tai Mong Tsai Road 

 T4 Users of Kaidos in Port Shelter 

 T5 Users of Kaidos in Rocky Harbour 

 T6 Users of Kaidos north of Project 
 

Residential Visually Sensitive Receivers 

10.5.4.4 Residential VSRs are as follows: 

 D1 Residents in Sheung Yeung, Pan Long Wan, Ng Fai Tin 

 D2 Residents in Silverstrand and Bella Vista 

 D3 Residents in Long Ke Wan Training Centre 

 D4 Residents in Pak Lap 

 D5 Residents in Tai Wan 
 

Occupational Visually Sensitive Receivers 

10.5.4.5 Occupational VSRs are as follows: 

 O1 Workers on Vessels in Tathong Channel 

 O2 Workers in TVB City 

 O3 Students at HKU of Science & Technology 
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 O4 Workers on Vessels <5km and >10km of Project 

 O5 Workers on Vessels >10km of Project 

 O6 Workers on Vessels <5km of Project 

10.5.4.6 It has been identified by AFCD that an estimated 110,000 people visited the Tung 
Ping Chau and Yan Chau Tong marine parks in 2008 and that a similar base traffic 
may be conservatively adopted for the Port Shelter geosites.  Assuming a 
reduction due to adverse weather conditions preventing sailing in winter months 
annual visitors to the Ninepins geosite may be conservatively estimated as 55,000, 
however, this level would not be expected to be reached in the short term.  

10.5.5 Potential Sources of Landscape and Visual Impacts 

10.5.5.1 Two possible layout options are considered in section 2. The option considered in 
this assessment features a total of 67 3MW turbines, while the alternative option 
would consist of 40 5MW turbines. Any difference in impacts between the two 
options is noted below, although these differences are not significant in terms of 
this landscape and visual impact assessment, and would not result in the residual 
impacts falling within a different significance threshold. 

10.5.5.2 The proposed project will involve the following sources of (Pre) Construction 
impact: 

Pre-Construction Impacts 

 Presence of a Jack up Vessel, tugs and barges to construct an 80m high 
Research Mast (for a period of 1 - 2 months);  

 Presence of the Research Mast prior to Construction (period of 1 year) 
 

Construction Impacts 

10.5.5.3 Turbines/ Foundations: 

 Presence of a Jack up Vessel, tugs and barges to construct foundations 
(period of a few months over 1 year); 

 Construction works on foundations on sea bed (period of a few months over 
1 year); 

 Presence of Jack-up Vessel, tugs and barges to construct turbine 
superstructures (period of a few months over 1 year); 

 Presence of partially completed structures prior to commissioning (up to a 
year) and 

 Short range night lighting. 
 
 

10.5.5.4 Other Features: 

 Presence of cable laying vessels (up to 4) between wind farm and coast 
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(period of a few months over 1 or 2 years); 

 Construction work on Offshore Transformer Station (to a maximum height of 
approx. 27m above sea level) including construction of foundations on sea 
bed; 

 Short range night lighting and 

 Vessel movements (approximately 3,400 over a two year period). 
 

10.5.5.5 Construction impacts associated with the alternative 5MW layout would be slightly 
smaller in magnitude due to the reduced construction period and a lower number of 
vehicle movements required (approx. 40% fewer). However, the magnitude of 
impacts would fall within the same magnitude thresholds as for the 3MW layout. 

 

Operational Impacts 

10.5.5.6 Sources of operational phase landscape impact will be: 

 Presence of 67 new turbines (each having an overall height above sea level 
of up to 125m).  The turbines are composed of a platform (up to 15m above 
sea level); a tower (80m high) with three rotor blades (with a diameter of 
90m) – see Figures 10.21 and 10.22; 

 Safety features associated with all turbines shall be orange blade tips and a 
yellow paint finish at the tower base above water level, and a low intensity 
red navigation light pointing directly upwards in the top of the turbine (not 
visible at distances greater than 4km). The top of all turbine nacelles will be 
orange. In addition, those turbines at the edge of the array will have an 
orange stripe half way up the tower with a low-intensity red navigation light 
mounted on the tower (not visible at distances greater than 4km).  Finally, 
turbines at the corners of the array will be fitted with an additional navigation 
light consisting of a flashing yellow light (not visible at distances greater 
than 10km) – see Figures 10.21 and 10.22; 

 Presence of Offshore Transformer Station (approx. 27m above sea level) – 
see Figure 10.22; 

 Presence of Research Mast (approx. 80m high). This will be a lattice tower 
structure with orange and white bands and low intensity steady red lighting 
at top and mid point (visible at no more than 4km) – see Figure 10.22; 

 Movement Resulting from the Operation of Turbines – movement of rotors 
is a potential source of visual impact; 

 Shadow Flicker Resulting from the Operation of Turbines - wind turbines are 
tall structures and can therefore cast shadows when the sun is low in the 
sky.  In certain meteorological conditions and in certain positions (clear 
skies with the sun in a certain part of the sky behind the wind turbine) 
observers near a wind turbine could experience "shadow flicker".  Shadow 
flicker is the result of sunlight passing through a turbine blade as it rotates, 
causing an intermittent shadow.  By the nature of the sun, the effect can 
only occur for limited periods in a day and on limited days in a year.  Clarke 
(N/K) indicates that VSRs situated within 10 rotor diameters (in the case of 
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this Project, 900-1200m) of a wind turbine are most likely to be affected by 
shadow flicker. 

 

10.5.5.7 Operational impacts associated with the alternative 5MW layout would be very 
slightly lower due to the visually less dense arrangement of turbines. However, the 
magnitude of impacts would fall within the same magnitude thresholds as for the 
3MW layout. 

10.6 Landscape Impact Assessment 

10.6.1 Nature and Magnitude of Landscape Impacts Before Mitigation in Pre- 
Construction / Construction Phase 

10.6.1.1 The magnitude of the impacts, before implementation of mitigation measures, on 
landscape resources and landscape character areas that will occur in the (Pre) 
Construction Phase for the 3MW layout option are described below and tabulated 
in Table 10.4. 

Landscape Resources 

10.6.1.2 Offshore Waters (LR1) – During the (Pre) Construction Phase, the construction 
and operation of the Research Mast will result in the loss of around 20 square 
metres of coastal water.  In addition to this, construction of the turbines of the 
project will result in the ‘loss’ of around 2240 square metres of offshore water at 
both construction stage (approximately 20 square metres per turbine plus 
approximately 900 square metres for the transformer platform).  Given the extent of 
offshore water in Hong Kong, the magnitude of these changes will therefore be 
Small (bordering Negligible) during the (Pre) Construction phase. 

Landscape Character 

10.6.1.3 East Hong Kong Offshore Waters (LCA1) – (Pre) Construction works will 
introduce a variety of features into the marine landscape of the East Hong Kong 
Offshore Waters.  Some of these features, such as the presence of ships and 
vessels are not untypical in coastal waters, although static groupings of vessels are 
less common in these waters than elsewhere.  The presence of the completed 
Research Mast and partially completed turbines will introduce large scale, artificial, 
partially completed, maritime features into the marine landscape.  Though man-
made maritime features such as buoys and lighthouses are reasonably common 
throughout Hong Kong’s coastal waters, features of the scale of the turbines are 
not common.  In addition, whilst the turbines are partly complete, they will have a 
somewhat complex and incoherent appearance not entirely consistent with the 
simple, uniform landscape.  However, although the turbines are large in 
themselves, they are small in the context of the large extent of this LCA, and 
consequently they will create an Intermediate magnitude of change to the overall 
character of this very extensive landscape. 
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10.6.2 Nature and Magnitude of Landscape Impacts Before Mitigation in Operational 
Phase 

10.6.2.1 The magnitude of impacts related to the 3MW layout, before implementation of 
mitigation measures, on landscape resources and landscape character areas that 
will occur in the Operational Phase are tabulated in Table 10.4 and described 
below: 

Landscape Resources 

10.6.2.2 Offshore Waters (LR1) – During the Operational Phase, the operation of the 
Research Mast, turbines and Offshore Transformer Station will result in the loss of 
around 2240 square metres of coastal water (same calculation as described for the 
(Pre) Construction Phase).  Given the extent of offshore water in Hong Kong, the 
magnitude of these changes will therefore be Small (bordering Negligible) during 
the Operational Phase. The change is also wholly reversible upon the 
decommissioning and dismantling of the project at the end of its life (predicted 20 - 
25 years). 

Landscape Character 

10.6.2.3 East Hong Kong Offshore Waters (LCA1) – Operation of the Project will 
introduce a variety of features into the marine landscape of the East Hong Kong 
Offshore Waters, over an area of about 15 square kilometres.  The presence of the 
completed Research Mast, turbines and Offshore Transformer Station, will 
introduce large-scale, completed, artificial maritime features into this landscape.  
Navigation lighting, visible in the case of 6 lights at up to 10km, will contrast with 
the otherwise unlit and natural characteristics of the landscape.  Though man-
made marine features (including ones with navigation lighting), such as buoys and 
light houses, are reasonably common throughout Hong Kong’s coastal waters, 
features of this scale and number are not common.  The Project will also introduce 
movement (through turbine rotor blades) into a landscape in which at present 
movement is limited to occasional vessel movements. 

10.6.2.4 Set against this is the fact that on their completion, the turbines will be of a 
consistent height, in a regular array.  The simplicity of the forms of the turbines; the 
fact that they are all of a consistent size and their distribution in a regular and clear 
array, will respond to the simplicity and clarity of the marine landscape.  
Furthermore, most lights will not be visible at a distance of over 4km nor for more 
than 12 hours each day, and therefore will be visible over only a small portion of 
the LCA.  However, given that the turbines are relatively large structures and that 6 
night lights will be visible over an area within radius of 10km, which constitutes a 
relatively large part of the LCA,  the operation of the wind farm over a 24 hour 
period would represent an Intermediate magnitude of change to the character of 
this very extensive landscape.  However, the change is wholly reversible upon the 
decommissioning and dismantling of the project at the end of its life (predicted 20 - 
25 years). 
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10.6.3 Landscape and Visual Mitigation Measures in (Pre) Construction and 
Operational Phases 

Alternative Sites 

10.6.3.1 The site selection process outlined in section 2, determined that on the basis of 
other operational considerations and planning and design constraints, the selected 
site is the most viable location for a commercial offshore wind farm in Hong Kong 
waters.  The landscape and visual impact of alternative locations has therefore not 
been assessed given the absence of other viable (preferred) locations. 

Alternative Layouts 

10.6.3.2 Two different options for the size and layout of the wind turbines are considered in 
section 2: 

 The 3MW layout features a total of 67 turbines of approximately 125m 
maximum height (80m mast and 45m blades) as shown in Figures 10.1a 
and 10.21. The 3MW layout forms the basis of this assessment because it 
is considered to produce slightly greater impacts than the alternative 5MW 
layout. 

 The alternative 5MW layout proposes a total of 40 turbines with a maximum 
height of 150m each (90m mast and 60m blades), as shown in Figures 
10.1b and 10.21. It is predicted that this option will represent a very slightly 
reduced magnitude of impact overall when compared with the 3MW layout. 
This is because, as noted in the conclusions to section 10.4, above, a 
smaller number of individually larger wind turbines is generally considered 
preferable to a larger number of smaller turbines from a landscape and 
visual impact perspective. Furthermore, the construction period will be 
slightly reduced and vehicle movements will be 40% less due to the smaller 
number of turbines to be erected. 

10.6.3.3 For these reasons, it is considered that the potential landscape and visual impacts 
associated with the 3MW layout will be the greater of the two options, although the 
difference in the residual impacts experienced by the affected receivers would be 
too small to differentiate in this assessment and would fall into the same 
significance threshold for both options. The landscape and visual impact for the 
5MW layout has therefore not been assessed in this report. 

Mitigation Measures 

10.6.3.4 The proposed landscape and visual mitigation measures for potential impacts 
generated during the (Pre) Construction and Operational Phases are described 
below in Tables 10.2 and 10.3, together with the associated funding, 
implementation, management and maintenance agencies.  The mitigation 
measures are illustrated in Figure 10.22. 
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Table 10.2 Proposed (Pre) Construction Phase Landscape and Visual 
Mitigation Measures 

ID No. Landscape and Visual Mitigation Measure Funding 
Agency 

Implementation 
Agency 

CM1 Reduction of Pre-Construction and Construction 
period to practical minimum. 

HKOWL HKOWL 

CM2 Control night-time lighting and glare by hooding all 
lights. 

HKOWL HKOWL 

CM3 Reduction of number of construction vessels and 
vessel movements to practical minimum 

HKOWL HKOWL 

CM4 Painting Research Mast in visually neutral / 
recessive colours.  Consistent with safety 
requirements, minimise area of each turbine treated 
with bright colours. 

HKOWL HKOWL 

CM5 Consistent with meeting safety requirements, 
minimise numbers of safety lights and their intensity 
on Research Mast. 

HKOWL HKOWL 

 

Table 10.3 Proposed Operational Phase Landscape and Visual Mitigation 
Measures 

ID 
No. 

Landscape Mitigation 
Measure 

Funding 
Agency 

Implementation 
Agency 

Management 
Agency 

Maintenance 
Agency 

OM1 Use a matt or semi-matt 
off-white finish to turbines 
to reduce albedo 
(reflectivity).  Consistent 
with safety requirements, 
minimise area of each 
turbine treated with bright 
colours. 

HKOWL HKOWL HKOWL HKOWL 

OM2 Consistent with meeting 
safety requirements, 
minimise numbers of 
safety lights and their 
intensity. 

HKOWL HKOWL HKOWL HKOWL 

OM3 Ensure non-reflective 
materials used in 
construction of Offshore 
Transformer Station and 
Research Mast.  Finishes 
should be neutral and 
visually recessive (pale 
grey / blue or off-white).  

HKOWL HKOWL HKOWL HKOWL 
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ID 
No. 

Landscape Mitigation 
Measure 

Funding 
Agency 

Implementation 
Agency 

Management 
Agency 

Maintenance 
Agency 

OM4 Employ regular patterns of 
turbines, to create a 
balanced, controlled 
appearance, as opposed 
to random or clustered 
groups. 

HKOWL HKOWL HKOWL HKOWL 

OM5 The design of turbine 
towers, above the 
platform, should be 
slender and elegant. 

HKOWL HKOWL HKOWL HKOWL 

 

10.6.4 Programme of Implementation of Landscape and Visual Mitigation Measures  

10.6.4.1 The (Pre) Construction Phase measures listed above will be adopted from the 
commencement of construction and will be in place throughout the entire 
construction period.  The Operational Phase measures listed above will be adopted 
during detailed design, and be built as part of the construction works so that they 
are in place at the date of commissioning of the project. 

10.6.5 Prediction of Significance of Landscape Impacts  

10.6.5.1 The potential significance of the landscape impacts for the 3MW layout during the 
(Pre) Construction and Operational Phases, before and after mitigation, are 
provided below in Table 10.4 and mapped in Figures 10.23 to 10.26.  There is no 
significant difference in the level of landscape impacts between the 3MW and 5MW 
layouts. This assessment follows the methodology outlined above and assumes 
that the appropriate mitigation measures identified in Tables 10.2 and 10.3 above 
will be implemented.  Since there are no soft landscape mitigation measures in this 
project, the assessed impacts at Day 1 and Year 10 are the same.  Photomontages 
of the proposed development before and after mitigation are illustrated in Figures 
10.9 to 10.20. 

(Pre) Construction Phase 

10.6.5.2 In the (Pre) Construction Phase, after the implementation of the proposed 
mitigation measures, there will still be some negative residual landscape impacts 
as described below.  The assessment assumes that pre-construction and 
construction works will last for about two years. 

10.6.5.3 No residual negative landscape impacts of Substantial significance will be 
experienced by landscape resources or LCAs.  

10.6.5.4 Negative residual landscape impacts of Moderate significance will be experienced 
by the following landscape character area: 

10.6.5.5 East Hong Kong Offshore Waters (LCA1) – (Pre) Construction works will 
introduce a variety of features into (approximately 15 sq.km. of) the marine 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 

 

ESB-146/2006 Issue 3, May 2009 Section 10 – Page 23 
 
 

landscape of the East Hong Kong Offshore Waters.  Some of these features, such 
as the presence of ships and vessels are not untypical of coastal waters, although 
static groupings of vessels are unusual in these waters.  The presence of the 
completed Research Mast and partially completed turbines will introduce large-
scale artificial marine features into the landscape.  Though man-made marine 
features such as buoys and lighthouses are common throughout Hong Kong’s 
coastal waters, features of this scale are not.  Whilst these artificial features are 
under construction, they will have a somewhat complex character and may provide 
an unfavourable contrast with the simple, natural qualities of the seascape, 
potentially resulting in an Intermediate magnitude of change to a very extensive 
seascape that is of high sensitivity to change.  It is considered that the significance 
of the resulting impacts on landscape character will be Moderate. 

10.6.5.6 Residual landscape impacts of Insubstantial significance will be experienced by the 
following landscape resources: 

Offshore Waters (LR1) – During the Pre-construction Phase, the construction and 
operation of the Research Mast will result in the loss of around 20 square metres of 
coastal water.  In addition to this, construction of the turbines and transformer 
platform of the project will result in the ‘loss’ of around 2240 square metres of 
offshore water at both construction stage (approximately 20 square metres per 
turbine (67 nos.) plus 900 square metres for the transformer platform).  Whilst 
inshore water close to the coasts is perceived as being an increasingly scarce 
resource, Hong Kong has an abundance of offshore water and this is considered a 
resource of low sensitivity.  Given that the magnitude of these changes will be 
Small (bordering Negligible), the resulting impact significance on the resource will 
be Insubstantial during (Pre) Construction. 

Operational Phase 

10.6.5.7 In the Operational Phase, after the implementation of the proposed mitigation 
measures, there will be some negative residual landscape impacts as described 
below.  In assessing Operational Phase impacts, consideration was made of the 
fact that the operational life of the wind farm will be only 20-25 years, and all 
impacts are wholly reversible upon the eventual decommissioning and dismantling 
of the project. The site selection process for the wind farm, presented in Sections 
2.3 and 2.4, shows that the wind farm has been sited as far away from coastlines 
as possible given the site selection criteria and constraints. This minimizes 
potential visual impacts. 

10.6.5.8 No residual negative landscape impacts of Substantial significance will be 
experienced by landscape resources or LCAs. 

10.6.5.9 Negative residual landscape impacts of Moderate significance will be experienced 
by the East Hong Kong Offshore Waters (LCA1).   Operation of the wind farm 
will introduce a variety of features into the marine landscape of the East Hong 
Kong Offshore Waters (over around 15 sq km).  The presence of the completed 
Research Mast, turbines and transformer platform will introduce large manmade 
features into a seascape otherwise characterized largely by natural features 
(except for occasional ships and boats).  Although manmade marine features such 
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as buoys and lighthouses are common throughout Hong Kong’s coastal waters, 
lights in these numbers and features of this scale are not common.  The strong 
verticality of the turbines will tend to contrast with the largely horizontal qualities of 
the seascape.  In addition, permanent navigation lighting (for the most part only 
visible at less than 4km, but in the case of 6 lights at up to 10km) will contrast with 
the predominantly unlit characteristics of the landscape, where currently the only 
source of light is the transient lighting of marine traffic. 

10.6.5.10 However, the effects above will be to a certain extent offset by the simplicity of the 
forms of the turbines; the fact that they are all of a consistent size and they are 
distributed in a regular and clear array.  In these regards, the wind farm will 
respond to the simplicity and clarity of the marine landscape.  The fact that there 
are no other human features around the Project means that the scale of the 
turbines will not be very apparent. Also, most night lights will not be visible at a 
distance of over 4km, which constitutes only a small portion of the LCA   

10.6.5.11 The slender etiolated forms of the turbines will also correspond to the ‘airy’ qualities 
of this marine landscape, one of its key characteristics.  In addition, the wide 
spacing of the turbines (450m or 630m) will ensure high levels of visual 
permeability that will not wholly compromise the openness of the landscape, which 
is another of its key characteristics. 

10.6.5.12 The result of these different factors will mean that the new features will represent 
an Intermediate magnitude of change to a very extensive landscape, which has a 
high sensitivity to change.  Following the implementation of the mitigation 
measures listed in Table 10.3, and taking account of the considerations described 
in section 10.4, it is considered that the resulting significance of impacts on the 
landscape character of the East Hong Kong Offshore Waters (LCA1) will be 
Moderate during the Operational Phase. However, the change is wholly reversible 
upon the decommissioning and dismantling of the project at the end of its life 
(predicted 20 - 25 years). 

10.6.5.13 Residual landscape impacts of Insubstantial significance will be experienced by the 
following landscape resources: 

10.6.5.14 Offshore Waters (LR1) – During the Operational Phase, the operation of the 
Research Mast, turbines and transformer platform will result in the ‘loss’ of around 
2240 square metres of offshore water.  Whilst inshore water close to the coasts is 
perceived as being an increasingly scarce resource, Hong Kong has an abundance 
of offshore water and this is a resource of low sensitivity.  Given that the magnitude 
of these changes will be Small (bordering Negligible), resulting impact significance 
on the resource will be Insubstantial.  Furthermore, the change is wholly reversible 
upon the decommissioning and dismantling of the project at the end of its life 
(predicted 20 - 25 years). 
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10.7 Visual Impact Assessment 

10.7.1 Visual Mitigation Measures 

10.7.1.1 The proposed visual mitigation measures for impacts caused during the (Pre-) 
Construction and Operational Phases are described previously in Tables 10.2 and 
10.3, together with the associated funding, implementation, management and 
maintenance agencies, and the proposed implementation programme.  The 
mitigation measures are illustrated in Figure 10.21 and 10.22. 

10.7.2 Prediction of Significance of Visual Impacts 

10.7.2.1 An assessment of the potential significance of the visual impacts for the 3MW 
layout during the (Pre) Construction and Operational Phases, is briefly described 
below, and listed in detail in Table 10.5.  This follows the methodology outlined 
above and assumes that the appropriate mitigation measures identified in Tables 
10.2 and 10.3 will be implemented.  Since there are no soft landscape mitigation 
measures in this project, the assessed impacts at Day 1 and Year 10 are the same.  
Photomontages of the proposed development before and after mitigation are 
illustrated in Figures 10.9 to 10.20. 

(Pre) Construction Phase 

10.7.2.2 Residual visual impacts in the (Pre) Construction Phase are tabulated in Table 10.5 
and mapped in Figure 10.27.  The assessment assumes that pre-construction and 
construction works will last for about 1 - 3 years. Visual impacts during this stage 
will be slightly lower for the 5MW layout, due to 40% less vessel movements and a 
reduced construction period. However, this small difference does not affect the 
level of significance of the residual impacts. 

VSRs within 5km of Wind Farm 

10.7.2.3 There are only three VSRs (R21, R23 and O6) within 5km of the wind farm.  They 
will experience Pre-construction Phase works (i.e. the construction and operation 
of the Research Mast) as a new vertical man-made feature in an otherwise 
horizontal and natural marine landscape.  Although of limited scale, the fairly 
functional design of the Research Mast is likely to contrast with the clear horizontal 
qualities of the landscape to the VSRs who see it.  However, the structure will not 
be a wholly exceptional or unusual feature given the presence of buoys, 
lighthouses, etc in the waters around the HKSAR. 

10.7.2.4 VSRs R21, R23 and O6 will see Construction Phase works on the turbines 
themselves at relatively close distances, as a series of incomplete man-made 
features jutting out of the sea.  These may include the lower parts of turbine masts, 
partly complete masts as well as the presence of groups of construction vessels, 
cranes and barges.  Whilst single transitory vessels are found in these waters, 
groupings of static vessels are not common and they may appear somewhat 
incongruous (particularly at night when vessels and structures are lit by navigation 
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lights, which are uncommon in large numbers in this area). In particular, at close 
distances, the incomplete and unresolved visual character of the partly complete 
structures will be very evident, contrasting with the simple, natural, visual uniformity 
of the marine landscape.   

10.7.2.5 The magnitude of change in views of VSR group R23 is considered large, and their 
sensitivity is high. However, the number of these VSRs is relatively few and they 
will only be present within close proximity to the Wind Farm for relatively short 
periods.  After the implementation of the (Pre) Construction Phase mitigation 
measures described in section 10.6.3, the overall significance of the residual 
impacts upon VSR R23 during the (Pre) Construction Phase is Substantial (see 
Figure 10.27). 

10.7.2.6 The magnitude of change in views of VSR R21 is considered large, and their 
sensitivity is high. However, because the number of these VSRs is very few, 
because their presence within close proximity to the Wind Farm will be for very 
short periods only and because the Construction Phase will is approximately only 
two years, it is considered that after the implementation of the (Pre) Construction 
Phase mitigation measures described in section 10.6.3, the overall significance of 
the residual impacts upon VSR R21 during the (Pre) Construction Phase is 
Moderate (see Figure 10.27).     

10.7.2.7 For similar reasons, and due to the low sensitivity of VSR O6, the overall 
significance of residual impacts upon VSR 06 will be Insubstantial. 

VSRs between 5km and 10km from Wind Farm 

10.7.2.8 There are a large number of VSRs located between 5km and 10km from the Wind 
Farm (R2; R3; R5; R9; R13; R14; R15; R16; R19; R24; T5; T6; O4; D3; D4).  
However, the magnitude of change in view (before mitigation) experienced by 
these VSRs in the (Pre) Construction Phase will vary from Large to Intermediate, 
based on their varying distance from the Wind Farm and the varying number of 
turbines they can see due to the extent to which their view is blocked by 
intervening land forms. 

10.7.2.9 During the Pre-construction Phase works they will experience the construction and 
operation of the Research Mast as a distant new vertical man-made feature in an 
otherwise horizontal and natural marine landscape.  At these distances, the fairly 
functional design of the mast is unlikely to be very visible and so there is unlikely to 
be a large contrast with the clear linear, horizontal visual qualities that are 
experienced by closer VSRs.  At these distances, the verticality of the mast against 
the largely horizontal qualities of the seascape will be less evident.  The structure 
will not appear to be a wholly exceptional or unusual visual marine feature, given 
the presence of buoys, lighthouses, etc in the waters around Hong Kong.  Impacts 
will be experienced only for 1-3 years. 

10.7.2.10 The Construction Phase works on the turbines themselves will be seen by of the 
same VSRs at quite large distances.  They will appear as a series of incomplete 
man-made features jutting out of the sea.  These features may include the lower 
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parts of turbine masts, partly complete masts as well as the presence of groups of 
construction vessels, cranes and barges.  Whilst single transitory vessels are found 
in these waters, groupings of static vessels are not common and they may appear 
somewhat incongruous (particularly at night when vessels and structures are lit by 
navigation lights which are uncommon in large numbers in this area).  However, at 
these quite large distances, the incomplete and unresolved visual character of the 
partly complete structures will be less evident, and therefore will provide less 
contrast with the simple, natural, visual uniformity of the marine landscape, than for 
closer VSRs.  In particular, the verticality of the structures will be more evident to 
VSRs at sea level (e.g. R2; R13; R16; R19; R24; T5; T6; O4) than for those on 
higher areas of land (e.g. R14; R15)  but even so, at such quite large distances 
there is likely to be little visible difference.   

10.7.2.11 Allowing for the effects of distance, the partial blocking by intervening landforms, 
the fact that the works will last for only about 1 - 3 years, and the fact that many of 
the identified VSRs who are identified as having high sensitivity are actually few or 
very few in number, and will have only short term views of the Wind Farm, it is 
assessed that after the implementation of the (Pre) Construction Phase mitigation 
measures described in section 10.6.3, the adverse residual visual impacts will 
range from Substantial to Insubstantial significance, as described below (see 
Figure 10.27).  

10.7.2.12 Adverse residual impacts of Substantial significance will be experienced by VSR 
R24, visitors to the proposed Geological Park.  They are of high sensitivity and if 
they move to within 5km of the Wind farm, they will experience a large magnitude 
of change in view. However because the number of these VSRs is relatively few 
and their presence within close proximity to the Wind Farm will be for relatively 
short periods only, the overall significance, after mitigation, of the residual impacts 
upon these VSRs during the (Pre) Construction Phase is Substantial (see Figure 
10.27).    

10.7.2.13 Adverse residual impacts of Moderate significance will be experienced by VSRs 
R2, and R19.  These are the recreational boats users to the west (R2) and north 
(R19) of the Wind Farm.  They are of high sensitivity and if they move to within 5km 
of the Wind farm, will experience a large magnitude of change in view.  However, 
they are very few in number, their presence within close proximity to the Wind 
Farm will be for very short periods only, and consequently the overall significance, 
after mitigation, of the residual impacts upon these VSRs during the (Pre) 
Construction Phase is Moderate (see Figure 10.27).    

10.7.2.14 Adverse residual impacts of Slight significance will be experienced by VSRs D3 
(Residents in Long Ke Wan Training Centre) and D4 (Residents in Pak Lap) who, 
although they are both of High sensitivity, and will be subject to Intermediate 
magnitudes of change to their view, are nevertheless both very few in number, 
which reduces the residual impact significance after mitigation to Slight. 

Adverse residual impacts of Slight significance will also be experienced by the 
following VSRs who have either High or Medium sensitivity, experience 
Intermediate or Small magnitude of change and are all few in number: 
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 Users of Clearwater Bay Country Club (R3);  

 Users of Clear Water Bay Country Park (East) (R5);  

 Recreational Boat Users in Rocky Harbour (>5km and <10km) (R9);  

 Users of Long Ke Wan Bay and Beach (R13);  

 Users of Sai Kung Man Yee Road (R14);  

 Hikers on Sai Wan Shan Peninsula (R15);  

 Users of Pak Lap Wan Bay and Beach (R16);  

 Users of Kaidos in Port Shelter (T4);  

 Users of Kaidos in Rocky Harbour (T5);  

 Users of Kaidos north of Project (T6) 
 

10.7.2.15 The following VSRs, who have low sensitivity, are very few in number, and will only 
experience the views for short periods, will experience residual visual impacts of 
Insubstantial significance:  

 Workers on Vessels <5km and >10km of Project (O4) 
 

VSRs Between 10km and 15km from Wind Farm 

10.7.2.16 There are a large number of VSRs located between 10km and 15km from the Wind 
Farm (R1; R4; R6; R7; R8; R10; R11; R12; R17; R18; R20; R22; T1; T2; T3; T4; 
O1; O2; O3; O5; D1; D2; D5), and the magnitude of change in view (before 
mitigation) experienced by these VSRs in the (Pre) Construction Phase will vary 
from Intermediate to Negligible, based on their varying distance from the Wind 
Farm and the varying number of turbines they can see due to the extent to which 
their view is blocked by intervening land forms. 

10.7.2.17 Given the effects of distance and the panoramic qualities of many views, VSRs 
between 10km and 15km from the wind farm will scarcely notice (and will find it 
very difficult to distinguish) Pre-construction works (i.e. the construction and 
operation of the Research Mast) in their wider views.  At these distances, the fairly 
functional design of the mast is unlikely to be noticeable and there will be no readily 
evident contrast with the clear linear visual qualities that are experienced by closer 
VSRs, the mast appearing as an ill-defined maritime feature in the far distance.  At 
these distances, the verticality of the mast against the largely horizontal qualities of 
the seascape will not be evident.   

10.7.2.18 The Construction works on the turbines themselves will be seen by the same VSRs 
at great distances.   The effects of distance and the panoramic nature of the views 
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available will mean that whilst construction works (the lower parts of turbine masts 
or partly complete masts as well as the presence of groups of construction vessels, 
cranes and barges) may be visible, they will not be prominent in views.  At these 
great distances, groupings of static vessels (even with night-time navigation lights) 
will not appear prominent in the marine landscape.  Nor will the incomplete and 
unresolved visual character of the partly complete structures be very evident, and 
therefore will provide little contrast with the panoramic views which include both 
coastal and marine landscape.  In many cases, turbines will be partially hidden by 
intervening landmasses or islands.  In particular, the verticality of the structures will 
not be evident, but rather at these distances, it will be the horizontality of the array 
of features that will be more pronounced (corresponding to the horizontality of the 
marine landscape). 

10.7.2.19 Allowing for the effects of distance, the partial blocking by intervening landforms, 
the fact that the works will last for only about 1 - 3 years, and the fact that many of 
the identified VSRs who are identified as having high sensitivity are actually few or 
very few in number, and will have only short term views of the Wind Farm, it is 
assessed that after the implementation of the (Pre) Construction Phase mitigation 
measures described in section 10.6.3, the adverse residual visual impacts will 
range from Moderate to Insubstantial significance, as described below (see Figure 
10.27).  

Adverse residual impacts of overall Moderate significance will be experienced by 
Residents in Silverstrand and Bella Vista (D2).  Although they will experience a 
similar Intermediate magnitude of change in view as other nearby VSRs, they 
possess High sensitivity to change and are many in number, which raises the 
significance threshold when compared with other adjacent VSRs who are of few or 
very few numbers.   
 
Adverse residual impacts of Slight significance will be experienced by the following 
VSRs who have High sensitivity, and will experience Intermediate or Small 
magnitudes of change, but who are either few or very few in number, and will 
mainly experience the views for relatively short transitory periods: 

 Visitors / Hikers on Tung Lung Chau (R1);  

 Hikers on High Junk Peak Trail (R4); 

 Users of Little Palm Beach (R6);  

 Users of Silverstrand Beach (R7); 

 Recreational Boat Users in Port Shelter (>10km and <15km) (R8);  

 Users of Kau Sai Chau Golf Course (R10);  

 Users of Sai Kung East Country Park (R12);  

 Users of Tai Long Wan Bay and Beach (R17);  
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 Hikers on Sharp Peak Foothills (R18);  

 Recreational Boat Users north of Project (>10km and <15km) (R20); 

 Users of Clearwater Bay First and Second Beaches (R22). 

 Residents in Sheung Yeung, Pan Long Wan, Ng Fai Tin (D1);  
 

10.7.2.20 Adverse residual impacts of Slight significance will also be experienced by the 
following travelling VSRs who have Medium sensitivity, and of whom there are 
many (or few on the case of T4) but who will experience small magnitude of 
change in glimpsed and partial views over short time frames: 

 Motorists on Clear Water Bay Road (T2);  

 Motorists on Tai Mong Tsai Road (T3);  

 Users of Kaidos in Port Shelter (T4). 
 
The following VSRs, who have low sensitivity, are very few in number, and will only 
experience the views for short periods, will experience residual visual impacts of 
Insubstantial significance: 

 Users of HK Sea Cadet Corps Nautical Centre (R11);  

 Travellers on Tung Lung Chau Ferry (T1);  

 Workers on Vessels in Tathong Channel (O1);  

 Workers in TVB City (O2);  

 Students at HKU of Science & Technology (O3); and 

 Workers on Vessels >10km of Project (O5). 
 
Residents in Tai Wan (D5) will also experience residual visual impacts of 
Insubstantial significance because although they have high sensitivity they are 
nevertheless very few in number and the magnitude of change in view that they will 
experience is (very) small.  
 

Operational Phase 

10.7.2.21 Residual visual impacts for the 3MW layout in the Operational Phase are mapped 
in Figure 10.28.  Impacts would be very slightly, but not significantly, reduced due 
to the somewhat less dense appearance of the more widely-spaced turbines. The 
following should be noted with regard to the assessment of Operational Phase 
visual impacts.   
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 All effective mitigation measures will be in place at Day 1 of Operation, and 
so visual impacts at Day 1 and Year 10 will be the same.   

 In assessing Operational Phase impacts, consideration was made of the 
fact that the operational life of the wind farm will be only 20-25 years, and all 
visual impacts are wholly reversible upon the decommissioning and 
dismantling of the project.  

 

VSRs within 5km of Wind Farm 

10.7.2.22 There are only three VSRs (R21, R23 and O6) within 5km of the wind farm.   They 
will be fully able to grasp and appreciate the scale, form, details of the turbines. 
The verticality of the turbines will be very obvious and will contrast with the 
overwhelmingly horizontal characteristics of the marine landscape.   In particular, 
the artificial character and colour markings on the mast and blade tips of the 
turbines will be very evident and will provide a contrast with the natural 
characteristics of views of the marine landscape.   

10.7.2.23 Most navigation lights will generally be visible up to 4km away, with 6 of them 
visible at up to 10km distance.  These features will represent a significant new 
source of artificial lighting in a marine landscape where night-time lighting is 
restricted to transitory lights on vessels.  Though man-made marine features 
(including ones with navigation lighting), such as buoys and light houses, are 
reasonably common throughout Hong Kong’s coastal waters, features of this scale 
and lights in these numbers are not. Set against this, is the fact that most VSRs, 
including R21, R23 and O6 are not active at night and so will be unaffected by the 
effects of lights. 

10.7.2.24 According to Clarke (N/K) VSRs within 900m west of the turbines of the turbines in 
the morning might be subject to ‘shadow flicker’, the effect of turbine rotors passing 
across the sun.  However, the occurrence of this effect relies on a precise 
combination of factors, including VSR location, wind direction, time of day and year 
and weather conditions.  Given the low chances of these factors all coinciding, as 
well as the very limited numbers of VSRs who are likely to find themselves within 
900m west of the wind farm early in the morning, it is not considered that shadow 
flicker impacts will be significant. 

10.7.2.25 The turbines, spaced in an array 450m or 630m apart will be visually permeable, 
allowing views through them to open sea (see Figure 10.8).   The simple repetition 
of the turbines in a clear grid will provide a simple coherence that will respond in a 
sense to the simplicity and uniformity of the natural marine landscape. 

10.7.2.26 The turbines are clean, simple and elegant structures with a form intimately related 
to their function.  To this extent there is a certain aesthetic pleasure that can be 
derived from the elegant, slender form of a turbine, and in close view they will be a 
striking, harmonious landscape element maintaining a complementary landscape 
relationship with the surrounding landscape in terms of their scale and relative 
simplicity of form (see Figures 10.16a and 10.16b). 
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10.7.2.27 In close views, the movement of the turbines will be readily visible in a landscape 
where movement is at the moment limited to the movement of ships.  However, the 
direct functional relationship between turbines and their location in the marine 
environment will be implicitly understood by VSRs (i.e. in an exposed offshore 
location specifically to utilise the available wind resource).  This is not the case 
where, for example, a residential development is proposed to be located in an area 
of Country Park where the necessary functional relationship does not apply (the 
development may provide good views for occupants; but bad views for recreational 
users in the Country Park).  At the same time, in terms of perceptual psychology, it 
is possible that the wind farm will evoke a positive connotation with sustainability 
and clean energy in the minds of VSRs and this will enhance their visual 
acceptability. 

10.7.2.28 The magnitude of change in views of VSR R23 is considered large, and their 
sensitivity is high. However because the number of these VSRs is relatively few 
and their presence within close proximity to the Wind Farm will be for relatively 
short periods only, and because of the other visual perception factors described 
above, it is considered that after the implementation of the Operation Phase 
mitigation measures described in section 10.6.3, the overall significance of the 
residual impacts upon VSR R23 during the Operation Phase is Moderate (see 
Figure 10.28).  

10.7.2.29 Although the magnitude of change in views of VSR R21 is considered large, and 
their sensitivity is high, because the number of these VSRs is presently very few, 
because their presence within close proximity to the Wind Farm will be for very 
short periods only, and because of the other visual perception factors described 
above, it is considered that after the implementation of the Operation Phase 
mitigation measures described in section 10.6.3, the overall significance of the 
residual impacts upon VSR R21 during the Operation Phase is Slight (see Figure 
10.28).     

10.7.2.30 For similar reasons, and due to the low sensitivity of VSR O6, the overall 
significance of residual impacts upon VSR 06 will be Insubstantial. 

VSRs Between 5km and 10km from Wind Farm 

10.7.2.31 There are a large number of VSRs located between 5km and 10km from the Wind 
Farm (R2; R3; R5; R9; R13; R14; R15; R16; R19; R24; T5; T6; O4; D3; D4).  
However, as in the (Pre) Construction Phase, the magnitude of change in view 
(before mitigation) experienced by these VSRs in the Operation Phase will vary 
from Large to Intermediate, based on their varying distance from the Wind Farm 
and the varying number of turbines they can see due to the extent to which their 
view is blocked by intervening land forms. 

10.7.2.32 To VSRs viewing the wind farm at distances between 5km and 10km, the turbines 
will appear as artificial features, offering a contrast to the largely natural qualities of 
the coastal and offshore landscapes.  At these distances, the turbines will however, 
tend to appear more like abstract forms than in closer views and therefore this 
contrast will be less than in those closer views.  Colour markings will also be less 
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evident than in closer views. 

10.7.2.33 The effects of night lighting on these VSRs will be fairly complex.  The designed 
intensity of navigation lights is such that in almost all cases, they will not be visible 
at distances of over 4km, and therefore not visible to VSRs over 5km from the 
Wind Farm.  However, 6 of the lights will be visible at distances of up to 10km.  
These features will represent a new source of artificial lighting in a marine 
landscape where night-time lighting is restricted to transitory lights on a small 
number of vessels passing through these waters.  Though man-made marine 
features (including ones with navigation lighting), such as buoys and light houses, 
are reasonably common throughout Hong Kong’s coastal waters, static lights 
grouped in this way are not.  They will therefore appear somewhat unusual in this 
landscape.  Set against this, is the fact that lights will not be visible for more than 
12 hours each day and the fact that most VSRs are not active at night.  This will 
mean that in the VSR groups within 5-10km of the project, the numbers of VSRs 
affected by night lighting is likely to be very small indeed. 

10.7.2.34 The large scale of the turbine structures will tend to be less evident than in closer 
views and the absence of human scale features close by, means that their precise 
scale will not be very apparent (Figures 10.9a and 10.9b).   

10.7.2.35 In these views, the horizontality of the wind farm layout, as opposed to the 
verticality of the turbine structures will tend to be appreciated.  In this sense, the 
turbines will tend to correspond to the overwhelmingly horizontal characteristics of 
the marine landscape.  In many views, turbines will be seen along the skyline either 
behind or next to islands and other land masses, features of a similar scale, which 
will tend to provide an appropriate scalar setting for them (Figures 10.17a and 
10.17b). 

10.7.2.36 At greater distances, the array of turbines, though apparently smaller, will also 
appear somewhat less permeable than in closer views (Figures 10.15a and 
10.15b).  However, the regularity of the array may be more obvious in some of 
these views (particularly from elevated locations).   As noted above, the simple 
repetition of a single feature will tend to complement and reinforce the simplicity 
and uniformity of the marine landscape (Figures 10.18a and 10.18b). 

10.7.2.37 In cloudy or hazy conditions, the off-white colour treatment of the turbines will 
mean that they tend to disappear or fade from view against white or grey skies, 
whilst in other lighting conditions, their white colour will correspond to natural cloud 
colours, against which they will frequently be seen. 

10.7.2.38 In these more distant views, the simple, elegant, slender geometry of the turbines 
will be clearly visible and they will tend to create a dramatic and complementary 
element in views of the natural landscape.  The turbines will be perceived to 
interface in a very subtle way with the landscape, appearing to ‘float’ on the sea, 
rather than resulting in dramatic changes to the physical texture and structure of 
the landscape. 

10.7.2.39 The effects of motion will be less obvious at these distances (although as noted 
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above, this should not prove to be objectionable given the direct functional 
relationship of the turbines with their exposed offshore location). 

10.7.2.40 Taking into account the range of factors noted above and their effect on the views 
of VSRs, the following visual impacts will be experienced by VSRs (Figure 10.28): 

10.7.2.41 Adverse residual impacts of Moderate significance will be experienced by VSR 
R24.  These are visitors to the proposed Geological Park.  They are of high 
sensitivity and if they move to within 5km of the Wind farm, will experience a large 
magnitude of change in view.  However, as they are relatively few in number and 
their presence within close proximity to the Wind Farm will be for relatively short 
periods only, and consequently, after mitigation and taking into account the visual 
perceptions described above, the overall significance of the residual impacts upon 
VSR R24 during the Operation Phase is Moderate (see Figure 10.28). 

10.7.2.42 Adverse residual impacts of Slight significance will be experienced by VSRs R2, 
R19 and R24.  These are the recreational boats users to the west (R2) and north 
(R19) of the Wind Farm.  They are of high sensitivity and if they move to within 5km 
of the Wind farm, will experience a Large magnitude of change in view.  However, 
they are very few in number, their presence within close proximity to the Wind 
Farm will be for very short periods only, and consequently, after mitigation and 
taking into account the visual perceptions described above, the overall significance 
of the residual impacts upon VSRs R2 and R19 during the Operation Phase is 
Slight (see Figure 10.28). 

10.7.2.43 Adverse residual impacts of Slight significance will be experienced by VSRs D3 
(Residents in Long Ke Wan Training Centre) and D4 (Residents in Pak Lap) who, 
although they are both of High sensitivity, and will be subject to Intermediate 
magnitudes of change to their view, are nevertheless both very few in number, 
which reduces the residual impact significance after mitigation to Slight. 

Adverse residual impacts of Slight significance will also be experienced by the 
following VSRs who have either High or Medium sensitivity, experience 
Intermediate or Small magnitude of change, but are all few in number: 

 Users of Clearwater Bay Country Club (R3);  

 Users of Clear Water Bay Country Park (East) (R5);  

 Recreational Boat Users in Rocky Harbour (>5km and <10km) (R9);  

 Users of Long Ke Wan Bay and Beach (R13);  

 Users of Sai Kung Man Yee Road (R14);  

 Hikers on Sai Wan Shan Peninsula (R15);  

 Users of Pak Lap Wan Bay and Beach (R16);  

 Users of Kaidos in Rocky Harbour (T5);  
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 Users of Kaidos north of Project (T6) 
 

10.7.2.44 The following VSRs, who have low sensitivity, are very few in number, and will only 
experience the views for short periods, will experience residual visual impacts of 
Insubstantial significance:  

 Workers on Vessels <5km and >10km of Project (O4) 
 

VSRs Between 10km and 15km from Wind Farm 

10.7.2.45 There are a large number of VSRs located between 10km and 15km from the Wind 
Farm (R1; R4; R6; R7; R8; R10; R11; R12; R17; R18; R20; R22; T1; T2; T3; T4; 
O1; O2; O3; O5; D1; D2; D5), and the magnitude of change in view (before 
mitigation) experienced by these VSRs in the Operation Phase will vary from 
Intermediate to Negligible, based on their varying distance from the Wind Farm and 
the varying number of turbines they can see due to the extent to which their view is 
blocked by intervening land forms. 

10.7.2.46 To VSRs viewing the wind farm at distances between 10km and 15km, the turbines 
will appear as small, indistinct, pin-like elements and will be less readily 
recognisable as human or man-made structures than in closer views (Figures 
10.14a and 10.14b).  Colour markings and low-intensity navigation lights will not be 
visible at these distances and so the turbines will tend to appear less like new 
artificial features in the landscape.  For this reason, their contrast with the natural 
characteristics of the surrounding natural landscape will be less than in closer 
views. 

10.7.2.47 The scale of the turbine structures will not be readily evident due to the absence of 
human scale features in close proximity to them in these views (Figures 10.13a 
and 10.13b).   

10.7.2.48 In these distant views, VSRs will tend to experience the horizontality of the wind 
farm array, as opposed to the verticality of the turbine structures (Figures 10.12a 
and 10.12b).  In this sense, the turbines will tend to correspond to the 
overwhelmingly horizontal characteristics of the marine landscape.  In many views, 
turbines will be seen as part of much wider panoramas of coastal landscape and 
their significance will therefore diminish in the wider setting.  They will typically be 
seen along the skyline either behind or next to islands and other land masses 
features which are of a similar scale and will thus tend to provide an appropriate 
scalar setting for the turbines.   

10.7.2.49 At these very great distances, the array of turbines, though apparently smaller, will 
also appear less permeable than in closer views.  However, the regularity of the 
array may be more obvious in some of these views (particularly from elevated 
locations, Figure 10.19a and 10.19b) and, as noted above, the simple repetition of 
a single feature will tend to complement and reinforce the simple uniformity of the 
marine landscape.  
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10.7.2.50 At these very great distances, the effects of humidity and haze mean that for many 
days each year, turbine visibility will be low against white or grey skies, while in 
clearer air conditions their off-white colour will complement the colours of sea and 
sky  (Figures 10.20a and 10.20b). 

10.7.2.51 The effects of motion will not be obvious at these distances, and should offer no 
significant contrast with the overwhelmingly static qualities of the coastal and 
offshore landscape. 

10.7.2.52 In these more distant views, to the extent that they are visible at all, the turbines 
will be perceived to subtly interface with the seascape, appearing to ‘float’ on the 
sea, and will not result in any dramatic change to the physical texture and structure 
of the landscape. 

10.7.2.53 Taking into account the range of factors noted above and their effect on the views 
of VSRs, the following visual impacts will be experienced by VSRs (Figure 10.28).  

Adverse residual impacts of Slight significance will be experienced by the following 
VSRs who have High sensitivity, and will experience Intermediate or Small 
magnitudes of change, but who are either few or very few in number (except for D2 
of which there are many) and mainly experience the views for relatively short 
transitory periods (except D1 and D2): 

 Visitors / Hikers on Tung Lung Chau (R1);  

 Hikers on High Junk Peak Trail (R4); 

 Users of Little Palm Beach (R6);  

 Users of Silverstrand Beach (R7); 

 Recreational Boat Users in Port Shelter (>10km and <15km) (R8);  

 Users of Kau Sai Chau Golf Course (R10);  

 Users of Sai Kung East Country Park (R12);  

 Users of Tai Long Wan Bay and Beach (R17);  

 Hikers on Sharp Peak Foothills (R18);  

 Recreational Boat Users north of Project (>10km and <15km) (R20); 

 Users of Clearwater Bay First and Second Beaches (R22). 

 Residents in Sheung Yeung, Pan Long Wan, Ng Fai Tin (D1);  

 Residents in Silverstrand and Bella Vista (D2). 
 

10.7.2.54 Adverse residual impacts of Slight significance will also be experienced by the 
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following travelling VSRs who have Medium sensitivity, and of whom there are 
many (or few on the case of T4) but who will experience small magnitude of 
change in glimpsed and partial views over short time frames: 

 Motorists on Clear Water Bay Road (T2);  

 Motorists on Tai Mong Tsai Road (T3);  

 Users of Kaidos in Port Shelter (T4). 
 
The following VSRs, who have low sensitivity, are very few in number, and will only 
experience the views for short periods, will experience residual visual impacts of 
Insubstantial significance: 

 Users of HK Sea Cadet Corps Nautical Centre (R11);  

 Travellers on Tung Lung Chau Ferry (T1);  

 Workers on Vessels in Tathong Channel (O1);  

 Workers in TVB City (O2);  

 Students at HKU of Science & Technology (O3); and 

 Workers on Vessels >10km of Project (O5). 
 

10.7.2.55 Residents in Tai Wan (D5) will also experience residual visual impacts of 
Insubstantial significance because although they have high sensitivity they are 
nevertheless very few in number and the magnitude of change in view that they will 
experience is (very) small.  
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10.8 Conclusions 

10.8.1 Summary of Landscape and Visual Mitigation Measures 

10.8.1.1 (Pre) Construction Phase mitigation measures will comprise the following 
(described in detail in Table 10.2): 

 CM1 - Reduction of Pre-Construction and Construction period to practical 
minimum. 

 CM2  - Control night-time lighting and glare by hooding all lights; 

 CM3  - Reduction of number of construction vessels and vessel movements 
to practical minimum; 

 CM4  - Painting Research Mast in visually neutral / recessive colours.  
Consistent with safety requirements, minimise area of each turbine treated 
with bright colours; 

 CM5 - Consistent with meeting safety requirements, minimise numbers of 
safety lights and their intensity on Research Mast. 

 

10.8.1.2 Operational Phase mitigation measures will comprise the following (described in 
detail in Table 10.3): 

 OM1 - Use a matt or semi-matt off-white finish to turbines and Research 
Mast to reduce albedo (reflectivity).  Consistent with safety requirements, 
minimise area of each turbine treated with bright colours; 

 OM2  - Consistent with meeting safety requirements, minimise numbers of 
safety lights and their intensity; 

 OM3  - Ensure non-reflective materials used in construction of Offshore 
Transformer Station and Research Mast.  Finishes should be neutral and 
visually recessive (pale grey / blue or off-white); 

 OM4  - Employ regular patterns of turbines to create a balanced, controlled 
appearance, as opposed to random or clustered groups;  

  OM5 - The design of turbine tower, above the platform, should be slender 
and elegant.  

 

10.8.2 Impacts Generally 

10.8.2.1 Impacts during the (Pre) Construction Phase and the Operational Phase are likely 
to be very similar, though this will be for different reasons in each Phase. 
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10.8.2.2 During the (Pre) Construction Phase, the effect of incomplete structures and 
shipping will be to introduce incomplete, complex and rather unresolved structures 
into the natural offshore landscape.  These will contrast unfavourably with the 
uniformity and coherence of the offshore landscape.  Impacts will however be only 
for a relatively short duration (2-3 years). 

10.8.2.3 In the Operational Phase however, the effect of completed structures on the 
character of views will be less significant, due to the fact (explained below) that 
these structures will in certain ways, complement the landscape.  The duration of 
the impacts is however somewhat greater (20-25 years).   

10.8.2.4 The result of the above, are impacts which are very similar for both (Pre) 
Construction and Operational Phases.  

10.8.2.5 It is also important to note that all the landscape and visual impacts described in 
this assessment are wholly reversible upon the decommissioning and dismantling 
of the project. 

10.8.3 Summary of Predicted Landscape and Visual Impacts in the (Pre) 
Construction Phase 

10.8.3.1 Residual landscape impacts in the (Pre) Construction Phase are listed in Table 
10.4 and mapped in Figures 10.23 and 10.25.  Residual visual impacts in the (Pre) 
Construction Phase are listed in Table 10.5 and mapped in Figure 10.27. 

10.8.3.2 The only significant landscape impacts during the (Pre) Construction Phase will be 
adverse residual impacts of Moderate significance on the landscape character of 
the Eastern Hong Kong Offshore Waters (LCA1), covering around 15 sq.km. 

10.8.3.3 The most significant visual impacts during the (Pre) Construction Phase will be 
adverse residual impacts of Substantial significance on the following VSRs: 

 Visitors to Proposed Geological Park <5km from Project (R23); 

 Visitors to Proposed Geological Park >5km and <10km from Project (R24); 

10.8.3.4 During the (Pre) Construction Phase there will also be adverse residual impacts of 
Moderate significance on the following VSRs: 

 Recreational Boat Users west of Project (>5km and <10km) (R2); 

 Recreational Boat Users north of Project (>5km and <10km) (R19); 

 Recreational Boat Users >5km and <10km of Project (R21); and 

 Residents in Silverstrand and Bella Vista (D2). 

10.8.3.5 There will also be adverse residual visual impacts of Slight significance during the 
(Pre) Construction Phase on the following VSRs: 
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 Visitors / Hikers on Tung Lung Chau (R1);  

 Users of Clearwater Bay Country Club (R3);  

 Hikers on High Junk Peak Trail (R4); 

 Users of Clear Water Bay Country Park (East) (R5);  

 Users of Little Palm Beach (R6);  

 Users of Silverstrand Beach (R7); 

 Recreational Boat Users in Port Shelter (>10km and <15km) (R8);  

 Recreational Boat Users in Rocky Harbour (>5km and <10km) (R9);  

 Users of Kau Sai Chau Golf Course (R10);  

 Users of Sai Kung East Country Park (R12);  

 Users of Long Ke Wan Bay and Beach (R13);  

 Users of Sai Kung Man Yee Road (R14);  

 Hikers on Sai Wan Shan Peninsula (R15);  

 Users of Pak Lap Wan Bay and Beach (R16);  

 Users of Tai Long Wan Bay and Beach (R17);  

 Hikers on Sharp Peak Foothills (R18);  

 Recreational Boat Users north of Project (>10km and <15km) (R20); 

 Users of Clearwater Bay First and Second Beaches (R22).  

 Motorists on Clear Water Bay Road (T2);  

 Motorists on Tai Mong Tsai Road (T3);  

 Users of Kaidos in Port Shelter (T4). 

 Users of Kaidos in Rocky Harbour (T5);  

 Users of Kaidos north of Project (T6) 

 Residents in Sheung Yeung, Pan Long Wan, Ng Fai Tin (D1). 

 Residents in Long Ke Wan Training Centre (D3); 

 Residents in Pak Wan (D4). 
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10.8.4 Summary of Predicted Landscape and Visual Impacts in the Operational 
Phase 

10.8.4.1 The assessment acknowledges that in certain regards, there will be negative 
impacts on the landscape and visual amenity of the Project Area and Visual 
Envelope, resulting from the completed Project. 

10.8.4.2 At the same time however, particularly during the Operational Phase, negative 
effects will be to a certain extent offset by what empirical research and professional 
opinion (noted above) shows to be certain potential mitigating effects.  Therefore 
the assessment of landscape and visual impact has been informed by a 
cognisance of this combination of negative and positive effects.   

10.8.4.3 Whilst the Project is extensive and its structures tall, it is notable that there are no 
predicted adverse residual impacts of Substantial significance. This is attributable 
to a number of factors: 

 The marine location of the Project, that means that no significant landscape 
resources are affected; 

 The fact that there are no other human features around the Project, means 
that the scale of the turbines will not be very apparent; 

 The great distance from the Project to most VSRs; 

 The small numbers of VSRs who can approach close to the project (all ship-
based); 

 An emerging acceptance by the public of the appearance of wind farms in 
the landscape (perhaps in part due to their positive environmental 
associations with sustainable power).  Empirical research shows 
consistently that a clear majority of people living close to wind farms believe 
wind turbines have no negative impact on the landscape and that in an 
offshore context, more people may find them interesting, rather than 
deterrent features; 

 Views from authoritative sources (including in one instance the Secretary of 
State for the Environment in the UK) that wind farms may in certain 
circumstances complement existing landscapes and result in an 
enhancement of sense of place; 

 The simple sculptural forms of wind turbines which are seen by some, as 
being positive landscape features; 

 The fact that the Project has a fixed duration (being 20-25 years) and so, 
though long-term in scope, will be known to be removed in due course.  All 
landscape and visual impacts are therefore wholly reversible when the 
project is decommissioned and dismantled. 
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10.8.4.4 Residual landscape impacts in the Operational Phase are listed in Table 10.4 and 
mapped in Figure 10.24 and Figure 10.26.  Residual visual impacts in the 
Operational Phase are listed in Table 10.5 and mapped in Figure 10.28. 

10.8.4.5 The only significant landscape impacts during the Operational Phase will be 
adverse residual impacts of Moderate significance on the landscape character of 
the Eastern Hong Kong Offshore Waters (LCA1), covering around 15 sq.km. 

10.8.4.6 The most significant visual impacts during the Operational Phase will be adverse 
residual impacts of Moderate significance on the VSRs Residents in Silverstrand 
and Bella Vista (D2) and Visitors to Proposed Geological Park <5km (R23) and 
>5km and <10km from Project (R24). 

10.8.4.7 There will also be adverse residual impacts of Slight significance on the following 
VSRs during the Operational Phase: 

 Visitors / Hikers on Tung Lung Chau (R1);  

 Recreational Boat Users west of Project (>5km and <10km) (R2);  

 Users of Clearwater Bay Country Club (R3);  

 Hikers on High Junk Peak Trail (R4); 

 Users of Clear Water Bay Country Park (East) (R5);  

 Users of Little Palm Beach (R6);  

 Users of Silverstrand Beach (R7); 

 Recreational Boat Users in Port Shelter (>10km and <15km) (R8);  

 Recreational Boat Users in Rocky Harbour (>5km and <10km) (R9);  

 Users of Kau Sai Chau Golf Course (R10);  

 Users of Sai Kung East Country Park (R12);  

 Users of Long Ke Wan Bay and Beach (R13);  

 Users of Sai Kung Man Yee Road (R14);  

 Hikers on Sai Wan Shan Peninsula (R15);  

 Users of Pak Lap Wan Bay and Beach (R16);  

 Users of Tai Long Wan Bay and Beach (R17);  

 Hikers on Sharp Peak Foothills (R18);  

 Recreational Boat Users north of Project (>5km and <10km) (R19); 
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 Recreational Boat Users north of Project (>10km and <15km) (R20); 

 Recreational Boat Users >5km and <10km of Project (R21); 

 Users of Clearwater Bay First and Second Beaches (R22).  

 Motorists on Clear Water Bay Road (T2);  

 Motorists on Tai Mong Tsai Road (T3);  

 Users of Kaidos in Port Shelter (T4). 

 Users of Kaidos in Rocky Harbour (T5);  

 Users of Kaidos north of Project (T6) 

 Residents in Sheung Yeung, Pan Long Wan, Ng Fai Tin (D1). 

 Residents in Long Ke Wan Training Centre (D3); 

 Residents in Pak Wan (D4). 
 

10.8.5 Conclusion 

10.8.5.1 Overall, it is considered that, in the terms of Annex 10 of the EIAO TM, the 
landscape and visual impacts are acceptable with mitigation measures.  Whilst the 
project will give rise to certain significant local effects on the landscape, it is 
considered that according to Clause 1.1c) “there will be some adverse effects, but 
these can be eliminated, reduced or offset to a large extent by specific measures”. 

10.8.5.2 In reaching this conclusion, it is recognised that a certain percentage of the public 
will inevitably find the appearance of the Project problematic.  Indeed, given the 
degree to which subjectivity plays a part in forming visual responses, as well as the 
extent to which the wind farm produces a variety of responses from individuals, it 
would be unusual to encounter agreement from all parties.  However, wind turbines 
are relatively new features in the landscape worldwide, and research has 
consistently shown that a clear majority of the public have responses towards their 
appearance that are more favourable than towards other types of development in 
similar circumstances. In the particular landscape and visual context of this Project, 
it can generally be concluded that for the vast majority of VSRs the wind farm will 
not represent an unacceptable impact. 

10.8.5.3 As a footnote to the above, it should be noted that this assessment represents a 
‘worst case’ scenario.  In particular, the impacts may in fact be eventually reduced 
from those shown in this assessment by the following factors: 
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 Constant ongoing advances in the efficiency of turbines mean that when the 
project undergoes detailed design, it may be possible to use slightly smaller 
turbines to produce the same output, or the same number of turbines to 
produce even more output of clean renewable energy. 

 As has been noted above, this assessment assumes a 3MW turbine layout, 
which is considered to be a very slightly worse case than the alternative 
5MW layout outlined in section 2.  The 5MW layout is predicted to produce 
a marginally lower magnitude of impacts both during construction, due to 
approximately 40% fewer vessel movements required to erect the smaller 
number of turbines, and also during operation due to the slightly less dense 
visual appearance of the turbine layout.  However this difference is not great 
enough to result in the residual landscape or visual impacts falling within a 
different significance threshold. 

 Research indicates that VSRs undergo an ongoing process of habituation to 
new forms in the landscape which have a positive environmental 
connotation and that they regard the appearance of turbines more 
favourably after completion, than before they are built.  It is possible that the 
general public may continue to see the appearance of structures such as 
wind turbines as being less and less problematic in the future. 
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11 Environmental Mitigation Implementation Schedule 

11.1 Waste Management 

Table 11.1 Implementation Schedule for Waste Management 

EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

3.5.1.2  The Waste Management Plan (WMP) shall prepared by the Contractor to 
describe arrangements for waste avoidance, re-use and recycling, including 
all handling, storage and transfer requirements. 

 The WMP should be refined and updated as more detailed information is 
generated on the volume of dredged marine mud.  Similarly, it should be 
regularly reviewed and updated at least monthly throughout construction. 

Before and during 
construction 

Contractor At all work 
sites 

Waste Disposal 
Ordinance (Cap 354) 

ETWB 34/2002 

Dumping at Sea 
Ordinance (Cap 466) 

3.5.2.1  A marine disposal license shall be obtained from EPD. Prior to marine 
dredging 

Contractor Junk Bay 
dredge sites 

ETWB 34/2002 

Dumping at Sea 
Ordinance (Cap 466) 

3.5.2.2  Bottom opening of barges shall be fitted with tight fitting seals to prevent 
leakage of material.  Excess material shall be cleaned from the decks and 
exposed fittings of barges and dredgers before the vessel is moved. 

 Monitoring of the barge loading shall be conducted to ensure that loss of 
material does not take place during transportation.  Transport barges or 
vessels shall be equipped with automatic self-monitoring devices as specified 
by the EPD. 

 Barges or hopper barges shall not be filled to a level that would cause the 
overflow of materials or sediment-laden water during loading or 
transportation. 

During 
transportation and 
disposal of the 
dredged sediment 

Contractor At all 
construction 
work sites 

Waste Disposal 
Ordinance (Cap 354) 

ETWB 34/2002 

Dumping at Sea 
Ordinance (Cap 466) 
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EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

3.5.3 

4.9.1.4 

 The Contractor shall be required to register with the EPD as a chemical 
waste producer. 

 The contractor shall follow the guidelines stated in the relevant CoP. 

During 
Construction and 
Operation 

Contractor / 
Operator 

At all work 
sites 

Waste Disposal 
(Chemical Waste) 
(General) Regulation  

Code of Practice on 
the Packaging, 
Labelling and 
Storage of Chemical 
Wastes 

3.5.5  General refuse shall be stored in fully contained units separate from chemical 
wastes.  The general refuse storage area shall be regularly maintained by a 
reputable waste collector, with waste to be disposed at a designated refuse 
transfer station. 

 The Contractor shall be responsible for identifying which materials can be 
recycled / reused, whether on site or off site. In the event of the latter, the 
Contractor shall make arrangements for the collection of the recyclable 
materials.  Separate labelled bins for their deposit shall be provided if 
feasible. 

 The Contractor is required to maintain a clean and hygienic site throughout 
the Project. 

During 
Construction and 
Operation 

Contractors / 
Operator 

At all work 
sites 

ETWBTC (Works) 
No. 6/2002A, 
Enhanced 
Specification for Site 
Cleanliness and 
Tidiness 
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11.2 Water Quality, Marine Ecology & Fisheries 

Table 11.2 Implementation Schedule for Water Quality, Marine Ecology & Fisheries Protection 

EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

3.5.4.1 

4.9.1.3 

4.9.2.3 

 An adequate number of portable toilets, if necessary, should be provided for 
the construction and maintenance workforce if sufficient facilities are not 
provided at any onshore assembly area. 

 Portable toilets shall be maintained in a state that will not deter the workers 
from using them.  Night soil shall be regularly collected by a licensed 
collector for disposal at a Sewage Treatment Works. 

During 
Construction and 
Operation 

Contractors / 
Operator 

At all work 
sites 

Water Pollution 
Control Ordinance 
(Cap. 358) 

WQOs 

4.9.1.1 

5.10.1 

 Working rate for dredging should not exceed 6,300 m3 / day for two 
dredgers. 

 Closed grab dredgers should be used for dredging. 

 The mechanical grabs should be properly maintained to minimise spillage of 
sediment.  

 Silt curtains should be provided closely surrounding the dredging point to 
minimise dispersion of sediment plumes. 

During marine 
dredging 

Contractor Junk Bay Water Pollution 
Control Ordinance 
(Cap. 358) 

WQOs 

4.9.1.1 

5.10.2 

 Jetting speed should not exceed 75 m/hr in the section between Junk Bay 
and south of Tung Lung Chau.  

 Jetting speed should not exceed 150 m/hr for jetting operation carried out in 
the remaining sections of the transmission power cable and the array cable 
at the wind farm. 

During cable 
jetting 

Contractor At all cable 
locations  

Water Pollution 
Control Ordinance 
(Cap. 358) 

WQOs 
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EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

4.9.1.1  Pumping rate for seawater removal from suction caissons during foundation 
installation should not exceed 1,200 m3 / hr per foundation or 300 m3 / hr 
per pump. 

During foundation 
installation 

Contractor At all 
turbine 
foundation 

Water Pollution 
Control Ordinance 
(Cap. 358) 

WQOs 

4.9.1.2  Water Quality monitoring Before 
construction and 
during Jetting 
operations. 

One week after 
completion of 
works 

Contractor Nine sites 
shown in 
Figure 4.2 
of EM&A 
Manual 

Water Pollution 
Control Ordinance 
(Cap. 358) 

WQOs 

5.12.1.5  Coral monitoring Before 
construction, 
during Jetting 
operations and 
until 2 weeks after 
completion of 
Jetting at impact 
sites 

Contractor Tung Lung 
Chau 
South, 
South 
Ninepins 
and Victor 
Rock 

Additional precaution 
agreed to by project 
proponent. 

6.8.1.1  Marine Mammal Exclusion zone During installation 
of foundations 
and turbine sub-
structures 

Contractor 250m 
around 
works barge 

Additional precaution 
agreed to by project 
proponent. 

6.10.1.2  Marine Mammal Acoustic Monitoring During operation Contractor Wind farm 
footprint 

Additional measure 
agreed to by project 
proponent. 
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EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

7.9.1.1  Avifauna Field Monitoring Second year of 
construction, 
during 1 year of 
operation 

Contractor Transect 
route shown 
in Figure 
7.11 of EIA 

Additional measure 
agreed to by project 
proponent. 
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11.3 Cultural Heritage 

Table 11.3 Implementation Schedule for Cultural Heritage Protection 

EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

9.10.1  Align the array cable to avoid potential impacts upon Target A1.  During 
Construction 

Contractor Near Target 
A1 within 
wind farm 
footprint 

Antiquities and 
Monuments 
Ordinance (Cap. 53) 

9.10.2  Implement a 150m-diameter buffer zone around each identified target to 
ensure potential impacts can be avoided.  Within these buffer zones there 
shall be no permanent works or temporary anchoring of construction or 
maintenance vessels.  The buffer separation shall be implemented with the 
use of on-board GIS systems for marine vessel manoeuvring. 

During 
Construction 

Contractor At all 
Targets 

Antiquities and 
Monuments 
Ordinance (Cap. 53) 

9.12.1.1  To ensure the Project development does not result in any unforeseen 
impacts on objects of marine archaeological potential, further marine 
geophysical comprising seismic and magnetic surveys shall be conducted 
across the Study Area as the detailed engineering design advances, and 
before any marine construction works commence. 

Before 
Construction 

Contractors / 
Operator 

Across 
Study Area 

Antiquities and 
Monuments 
Ordinance (Cap. 53) 
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11.4 Landscape & Visual 

Table 11.4 Implementation Schedule for Landscape & Visual Aspects 

EIA 
Ref. 

Recommended Environmental Protection Measures / Mitigation Measures Timing of 
implementation? 

Who will 
implement? 

Location What requirements 
or standards for 
the measures to 

achieve? 

10.6.3.4  Management of construction duration to the practical minimum. 

 Management of the number of pre-construction and construction vessels and 
vessel movements at the practical minimum. 

 Adopt a regular pattern of turbines to create a balanced, controlled 
appearance, as opposed to random or clustered groups. 

 The design of turbine tower, above the platform, should be slender and 
elegant 

Design and 
Construction 

Contractor At wind 
farm 
footprint 

EIAO (Cap 499) 

10.6.3.4  Painting offshore in visually neutral / recessive colours where consistent with 
safety requirements. 

 Control night-time lighting and glare by hooding all lights, including safety 
lights where consistent with meeting safety requirements. 

 Ensure non-reflective materials used in construction of offshore structures. 

During 
Construction and 
Operation 

Contractor At wind 
farm 
footprint 

EIAO (Cap 499) 
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12 Summary 

12.1 Key Benefits of the Project 

12.1.1.1 The Project involves the development of a proposed offshore wind farm in south 
eastern waters of the HKSAR, and approximately 9 km and 5km east of the 
Clearwater Bay peninsula and East Ninepin Island, respectively. 

12.1.1.2 Up to 67 turbines will be arranged in a grid, and each will be affixed to the seabed 
by a foundation consisting of a jacket structure with suction caissons.  The suction 
caisson foundation type avoids the need for dredging or marine piling, thereby 
avoiding potential adverse ecological impacts on marine sensitive receivers. 

12.1.1.3 The Project offers the opportunity for artificial reef development, with the presence 
of the foundations and sub-structures attracting marine life.  Over time, the 
establishment of epifauna may support a more diverse reef habitat.  Combined 
with restrictions on trawling and other marine traffic activity, the Project has the 
potential to generate an enhancement effect at the wind farm area. 

12.1.1.4 The Project will be capable of producing an output of up to 200 MW of electricity, 
or approximately 1% of total HKSAR annual electricity needs. The energy required 
to build a wind farm is typically recovered in the first year of operation, thus 
bringing a net positive effect on greenhouse gas emissions. * 

12.1.1.5 The benefits to local air quality are significant.  As elaborated in section 1, every 
year of Project operation will offset approximately 343,000 - 383,000 tonnes of 

carbon dioxide and 54 - 60 tonnes of sulphur dioxide.† 

12.1.1.6 Strategically, the Project will substantially contribute to the HKSAR renewable 
energy target of 1 - 2% of all energy from renewable sources by 2012. 

12.2 Technical Summaries 

12.2.1 Waste & Materials Management 

12.2.1.1 The proposed use of suction caisson foundations avoids the need for any marine 
excavation or dredging in offshore Eastern Waters.  The key potential impact 
during construction is therefore limited to the management of dredged sediments 
from within Junk Bay in relation to the laying of a portion of the transmission cable.  
Up to 135,000 m3 of marine sediment would be dredged and preliminary 

                                                      
*  Life Cycle Assessment of Onshore and Offshore Sited Wind Power Plants based on Vestas V90-

3MW turbines, June 06, Vestas. 

†  Based on offsetting prediucted emissions from Castle Peak Power station after FGD unit fitted 
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conservative estimates are that up to 65,000 m3 may require Type 2 confined 
marine disposal. 

12.2.1.2 Other waste types associated with Project development include minor amounts of 
chemical wastes, sewage and general refuse.  No significant environmental 
impacts from the handling and disposal of these waste types are anticipated, 
subject to the full implementation of the relevant waste management standards 
and guidelines and best practices referred in sub-section 3.5. 

12.2.2 Water Quality 

12.2.2.1 The potential for water quality impacts was greatly reduced from the outset by 
conducting a site selection process taking into account potential impacts, as well 
as by selecting suction caisson foundation technology, thereby eliminating the 
need for offshore dredging or major water quality impacts. 

12.2.2.2 The key water quality issues and potential construction and operational phase 
impact of the Project have been assessed.  The main concern relates to sediment 
dispersion during construction, particularly suspended sediment and possible 
contaminants, and the direct and secondary impacts of this on biological sensitive 
receivers. 

12.2.2.3 An onsite test of a suction caisson carried out in May 2008 verified that the 
predicted impacts of the turbine foundations being proposed would not produce 
any adverse impacts.  The key area for potential impact was identified as the cable 
transmission route in Junk Bay where dredging would be required. 

12.2.2.4 Mitigation measures including limits on dredging rate have been determined for 
the transmission cable works in Junk Bay, and with proper implementation of the 
recommended measures no adverse impacts are anticipated. 

12.2.3 Benthic Ecology 

12.2.3.1 The potential for impact on benthic ecology was greatly reduced from the outset by 
conducting a site selection process taking into account potential impacts, as well 
as by selecting suction caisson foundation technology which avoids dredging. 

12.2.3.2 Following desk-top review a series of field surveys were conducted that reaffirmed 
Eastern Waters as being of generally high marine benthic conservation interest, 
although not within the wind farm footprint which is composed of silty mud of low 
ecological value.  The conservation importance of the benthic community in Junk 
Bay and the Tathong Channel is relatively low. 

12.2.3.3 Numerical modelling predicted adverse impacts at minor coral communities in 
Junk Bay from the dispersion and settlement of suspended sediment resulting 
from the dredging of the cable route there, although implementation of the 
recommended control measures is expected to effectively avoid adverse impacts.  
Adverse direct impacts on seabed habitat from temporary displacement and cable 
jetting activities shall be of short duration and reversible, with anticipated re-
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colonisation of the affected areas within a short period of time. 

12.2.3.4 The presence of the turbine foundations at the wind farm area will provide an 
artificial habitat for potential colonisation by benthic epifauna. The cumulative 
surface area of approximately 100,000 m2 (based on the Base Case Development 
Scenario of 67 tripod structures with legs nominal 5m diameter in 30m water depth) 
of ‘artificial reef’ sub-structures shall more than make up for the permanent loss / 
displacement of 48,000 m2 of silty mud of low ecological value, resulting in a 
significant enhancement effect at the wind farm area. 

12.2.4 Pelagic Ecology 

12.2.4.1 The potential for impact on pelagic ecology was greatly reduced from the outset by 
conducting a site selection process taking into account potential impacts, as well as 
by selecting suction caisson foundation technology, avoiding both areas known to 
be sensitive and eliminating the need for piling or dredging at the wind farm. 

12.2.4.2 Based on desk-top review and field survey it is evident that the waters of the 
proposed wind farm are not frequented by Indo-Pacific hump-backed dolphins and 
are only lightly utilized by finless porpoises – with this species preferring more 
sheltered coastal waters around the Ninepins and Po Toi islands.   Given this low 
usage of the Study Area and the preferred construction method, no adverse long-
term impacts are anticipated during construction and no mitigation measures are 
proposed.  Nevertheless, a 250m marine mammal exclusion zone will be 
implemented during construction and monitoring of marine mammals over a 
suitable period of time is recommended in order to be able to detect overall 
changes in use of the area. 

12.2.4.3 Regarding fishes, at worst only a marginal increase in suspended sediment above 
baseline levels is predicted at most locations during construction only.  Although 
the worst-case assessment scenario of concurrent marine dredging and jetting at 
Junk Bay is predicted to result in elevated sediment levels at the reef fish 
community at Fat Tong Chau, levels remain significantly below the WQO criteria. 

12.2.4.4 A review of potential noise impacts has been completed, and this does not 
suggest any adverse impacts from marine vessel activity during Project 
construction or operation, or from underwater turbine noise.  Adverse impacts from 
the electromagnetic field are not anticipated. 

12.2.5 Avifauna 

12.2.5.1 The potential for impact on avifauna was greatly reduced from the outset by 
conducting a site selection process taking into account potential impacts and 
avoiding areas known to be sensitive. 

12.2.5.2 A total of 57 bird species were identified in the Study Area by boat surveys 
between May 2006 and December 2007, among which several species or species 
groups are considered of relatively higher sensitivity due to their conservation 
significance, distribution and / or abundance within the Study Area (Sub-section 
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7.6). These species include White-bellied Sea Eagle, the breeding terns, Red-
necked Phalarope, Black-tailed Gull and Cattle Egret, Aleutian Tern and White-
winged Black Tern. 

12.2.5.3 The impact assessment suggests that potential impacts on all birds resulting from 
construction and operation of the proposed wind farm will not be significant. The 
widely-used model developed by Scottish Natural Heritage has been used and 
predicts negligible collision risk for all the most sensitive species in the Study Area 
based on their distribution and abundance. The significance of construction and 
operation impacts on avifauna is anticipated to be very low.  Overall, the proposed 
wind farm is considered to have no adverse impacts on avifauna. 

12.2.6 Fisheries 

12.2.6.1 The potential for impact on fisheries was greatly reduced from the outset by 
conducting a site selection process taking into account potential impacts and 
avoiding areas known to be most productive. 

12.2.6.2 The Project will lead to the permanent direct loss to commercial fishing of 
approximately 16 km2 of low productivity / value fishing ground within Hong Kong 
waters, although the potential for a significant enhancement effect may be 
achieved with the implementation of fishery resource enhancement and 
management measures. There is also unrestricted fisheries habitat of similar 
character and value in waters contiguous with the proposed wind farm throughout 
the Study Area. 

12.2.6.3 Both the wind farm site and cable route lie far from identified nursery grounds of 
commercial species. The total area impacted by the transient jetting operation is 
relatively small, and impacts will be negligible. 

12.2.6.4 No significant water quality-induced impacts are predicted on the popular fishing 
area around the Ninepin Islands or any of the fish culture zones in the Study Area 
during Project construction. 

12.2.7 Cultural Heritage 

12.2.7.1 Following desktop study and marine geophysical survey, a total of eight partially 
buried targets with marine archaeological potential have been identified.  It has 
been identified that one target within the wind farm footprint may potentially be 
impacted by array cable installation, and mitigation measures have been proposed 
accordingly.  A buffer separation zone to avoid direct impacts on all targets during 
construction and operation has also been proposed as a best practice. 

12.2.7.2 Further marine geophysical investigations adopting seismic surveys shall be 
conducted in parallel with the detailed engineering design prior to any site works. 
In addition to the mitigation measures stated in the EIA documents, the further 
marine geophysical survey report shall recommend appropriate mitigation 
measures to address adverse impact, if any. All the mitigation measures should be 
implemented and monitored before the commencement of construction works.   
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12.2.7.3 The planning approach has been a precautionary one of impact avoidance by 
sensitively locating turbines and marine cables, and re-locating if necessary.  With 
this approach, no adverse impacts on cultural heritage are anticipated. 

12.2.8 Landscape & Visual Impacts 

12.2.8.1 The potential landscape and visual impact was greatly reduced from the outset by 
conducting a site selection process taking into account potential impacts. 

12.2.8.2 Landscape and visual impacts are acceptable with mitigation measures.  Whilst 
the project will give rise to certain significant local effects on the landscape, such 
impacts can be reduced to a large extent by specific measures referred in section 
10. 

12.2.8.3 Although offshore wind turbines would be entirely new features in the local 
landscape, international research shows that a clear majority of the public have 
more favourable responses towards their appearance compared with other types 
of development. In the particular landscape and visual context of this Project, it is 
concluded that for most visual sensitive receivers the wind farm will not represent 
an unacceptable impact. 

12.3 Stakeholder Feedback 

12.3.1.1 The Project Proponent together with CLP has conducted extensive consultations 
with project stakeholders, including: individuals, organisations, Government 
Departments and many others.  The feedback from these consultations has been 
important during the preparation of this EIA Study Report.  Table 12.1 considers 
some of the key issues raised by Consultees and how they were addressed in the 
EIA. 

Table 12.1 Incorporation of Stakeholder Feedback into EIA 

Issue How it was addressed 

If we are going to do a project, 
why not make it bigger? 

We have tried to strike a balance between 
making the project big enough to be 
significant, but making it appropriate in 
environmental and other aspects.  The project 
did increase in size during development as it 
became clear that it could be increased with 
little or no additional environmental impact.  
Constraints have limited the project increasing 
any further 

How can education be 
maximised so that HK people 
can learn about sustainable 
development 

This is beyond of the scope of the EIA, but 
allowance has been made in the proposed 
management so that education could be 
carried out 
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Issue How it was addressed 

9 months of bird survey work is 
not enough, should cover full 
year 

Bird survey was extended to 12 months, with 
additional 6 months for white bellied sea 
eagles 

Impact on White Bellied Sea 
Eagles might be unacceptable 

This is addressed in chapter 7.  During 
12months of study no eagle was spotted near 
the site, the survey was extended a further 6 
months with the same result. 

Impact on Chinese White 
Dolphins should be minimised 

No Chinese White Dolphins were spotted and 
this area is not known to be a habitat dolphins 
use.  This was one reason the site was 
selected, as good site search can eliminate 
issues, which is better than mitigation if 
possible.   

Impact on fisheries should be 
considered 

The study shows that the wind farm will likely 
have a net positive impact on fisheries due to 
proposed management of the site.   

Are there opportunities to 
enhance fisheries beyond 
measures required for the wind 
farm? 

There might be, but that is beyond the scope 
of this EIA 

What will it look like?   

This is addressed in chapter 10, care was 
taken to design a layout and positioning that 
would reduce the potential for impact.  
Additional photomontages were created for 
viewpoints that were expressed as being of 
interest 

Wind farm should not be built on 
the Nine Pin Islands 

The wind farm is over 5km east of the main 
Nine Pin Islands 

Concern over a substation at 
the cable landing point 

No substation will be built at the cable landing 
point, only a small cable connection pit is 
needed which will be underground and fully 
restored.  The area selected is reclaimed land. 
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12.4 Environmental Outcomes 

 
The environmental outcome of the project is the development of a substantive 
renewable generating capability from an offshore windfarm in south-eastern waters 
of Hong Kong.  Site selection and design have minimised and/or negated any 
significant environmental impacts of the project on the existing ecology and 
landscape of the site area, both the exposed offshore area of the windfarm site, 
and the waters and coastline adjacent to the cable route.  Key outcomes include: 
 
* Air Quality - Annual offset of approximately 350,000 tonnes of Carbon Dioxide, 

55 tonnes of Sulphur Dioxide, 400 tonnes of Nitrogen Dioxide and 15 tonnes of 
particultes. 

* Water Quality - Suction caissons adopted for windfarm foundations negating 
dredging, and jetted cable installation adopted for majority of route to minimise 
seabed disturbance.  

* Benthic Ecology - Windfarm sited on low value seabed, with cable set away 
from coral communities; mitigation and monitoring to be conducted during 
construction. 

* Pelagic Ecology - Minimally evasive construction negates adverse impact on 
fish stocks and other marine life (dolphins, turtles); while the creation of 
substantial habitat around the turbine foundations, coupled with fishing access 
controls within the windfarm footprint is anticipated to benefit the environment.  

* Avifauna - Siting away from coastlines and known communities reduce 
distubance and negligible collision risk for the most sensitive species in the 
Study Area 

* Fisheries – Windfarm sited in low fishing intensity and relatively unproductive 
waters, away from important spawning and nursery grounds. Restrictions on 
fishing activity and turbine foundations acting as artificial reefs may benefit 
overall fisheries resources, although some local fishermen (particularly 
trawlers) who habitually fish in the wind farm site will be affected to a limited 
extent. 

*  Landscape - While the windfarm will be a new feature in the landscape, it is 
sited away from habitation and will not develop unacceptable impacts on the 
character of the area. 
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Key Briefings / Consultation Activities Undertaken 

 Activities Participants Date 

1.  Meetings to discuss possible offshore wind 
development in HK 

Friends of the Earth 10.2005 

2.  Letters to advise potential project and seek 
views 

ETWB, CAD and selected 
Legco members on 
Envionmental Committee 

11.2005 

3.  Meetings to discuss possible offshore wind 
development in HK 

Greenpeace 12.01.2005 

4.  Letters to advise potential project and seek 
views 

EPD, CAD, MD, MP, 
AFCD, ETWB, EMSD 

01.2006 

5.  Meetings to discuss possible offshore wind 
development in HK 

Selected people in HKUST 12.2005 

6.  Meetings to discuss possible offshore wind 
development in HK 

Friends of the Earth 11.2005 

7.  Meetings to discuss possible offshore wind 
development in HK 

Greenpeace 1.2006 

8.  Meetings to discuss possible offshore wind 
development in HK 

MD 2.2006 

9.  Meetings to discuss possible offshore wind 
development in HK 

WWF 2.2006 

10.  Meetings to discuss possible offshore wind 
development in HK 

Civic Exchange 2.2006 

11.  Meeting to discuss project ETWB 3.2006 

12.  Briefing  British Chamber of 
Commerce 

3.2006 

13.  Meeting to discuss project Hong Kong Bird Watching 
Society selected member 

3.2006 

14.  Meeting to discuss project EMSD 3.2006 

15.  Meeting to discuss project Hong Kong Bird Watching 
Society selected members 

3.2006 

16.  Meeting to discuss project Sai Kung District Council 
Representative and Sai 
Kung District Officer 

3.2006 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment Report 

 

ESB-146/2006 Issue 3, May 2009 Appendix 1A - Page 2 
 

 Activities Participants Date 

17.  Public Announcement and education 
briefing – some 80 attendees 

Media, academics, industry 
representatives, 
government depts., etc. 

3.2006 

18.  Briefing American Chamber of 
Commerce 

4.2006 

19.  Meeting to discuss project Selected members of Sai 
Kung Rural Committee 

5.2006 

20.  Meeting to discuss project Clearwater Bay Country 
Club 

5.2006 

21.  Briefing Sai Kung District Council 6.2006 

22.  Meeting to discuss project Environmental Study 
Management Group 

6.2006 

23.  Presentation City University Students 
and Staff 

7.2006 

24.  Briefing  Business Environment 
Council 

9.2006 

25.  Meeting to discuss project Legco member and 
Fisherman 
Representatives 

10.2006 

26.  Meeting to discuss project MD, CAD, EMSD 11.2006 

27.  Presentation  HKUST Students and Staff 11.2006 

28.  Meeting to discuss initial EIA findings Environmental Study 
Management Group 

3.2007 

29.  Boat trip to offshore site for shooting of 
RTHK programme 再見藍天 

RTHK 3.2007 

30.  Meeting and trip to offshore site Members from WWF, 
Friends of the Earth, Green 
Lantau Association and 
GreenPeace 

3.2007 

31.  Interviews ~70 fishing boat captains 4.2007 

32.  Meeting to discuss project Sai Kung Association 5.2007 

33.  Meeting and trip to offshore site Members from Green 
Lantau Association), Save 
Our Shorelines, The 
Conservancy Association 

5.2007 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment Report 

 

ESB-146/2006 Issue 3, May 2009 Appendix 1A - Page 3 
 

 Activities Participants Date 

34.  Presentation and discussion TKO South Residents 
Representatives 

5.2007 

35.  Presentation and discussion 9 members of academia 
with noted expertise/ 
interest in RE 

5.2007 

36.  Presentation and discussion  HK Society of 
Environmental Protection 

7.2007 

37.  Presentation  Students from 3 secondary 
schools 

8.2007 

38.  Meeting with EPD Water Quality Group Oasis Wong, Dr HS Lee, 
Charles Pang and others 

8.2007 

39.  Presentation  YPP students 8.2007 

40.  Presentation  Students from German-
Swiss school 

9.2007 

41.  Presentation  Students from HK 
Academy 

9.2007 

42.  Presentation  Students from Bradbury 
School 

9.2007 

43.  Meeting Representatives from 
Hong Kong Bird Watching 
Society and Kadoorie Farm 
Botanical Garden 

10.2007 

44.  Presentation  Students from Kowloon 
Junior School 

11.2007 

45.  Presentation to HKUST  Students from HKUST 11.2007 

46.  Meeting Representatives from 
Hang Hau Rural 
Committee 

1.2008 

47.  Presentation  HK Baptis University 
Master of Education 
students 

2.2008 

48.  Presentation  Students from 
Renaissance College 

2.2008 

49.  Presentation to HKUST  Students from HKUST 11.2008 
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Brief Ref. # Summary EIA sections

2 Objectives of the EIA Study  

2.1 (i) Describe the Project and associated works together with the 
requirements and environmental benefits for carrying out the 
Project. 

1 - 2 

2.1 (ii) Identify and describe elements of community and environment 
likely to be affected by the Project and/or likely to cause 
adverse impacts to the Project, including natural and man-
made environment and the associated environmental 
constraints. 

3 - 10 

2.1 (iii) Consider alternative options with a view to avoiding and 
minimizing the potential environmental impacts to ecological 
sensitive areas in the Mirs Bay, Port Shelter, Junk Bay, 
Eastern Buffer and Southern Buffer Water Control Zones and 
other sensitive uses; to compare the environmental benefits 
and dis-benefits of each of the different options; to provide 
reasons for selecting the preferred option(s) and to describe 
the part of environmental factors played in the selection. 

2 

2.1 (iv) Identify and quantify any potential loss or damage and other 
potential impacts to ecology and fisheries resources, flora, 
fauna and natural habitats and to propose measures to 
mitigate these impacts. 

5 - 8    

2.1 (v) Identify and quantify emission sources and determine the 
significance of impacts on sensitive receivers and potential 
affected uses. 

3 - 8 

2.1 (vi) Identify and quantify any potential landscape and visual 
impacts and to propose measures to mitigate these impacts. 

10 

2.1 (vii) Identify the negative impacts on any historical and 
archaeological resources and to propose measures to mitigate 
these impact. 

9 

2.1 (viii) Propose the provision of mitigation measures so as to minimize 
pollution, environmental disturbance and nuisance during 
construction and operation of the Project. 

3 - 10  

2.1 (ix) Investigate the feasibility, practicability, effectiveness and 
implications of the proposed mitigation measures. 

3 - 10 

2.1 (x) Identify, predict and evaluate the residual environmental 
impacts (i.e. after practicable mitigation) and the cumulative 
effects expected to arise during the construction and operation 
of the Project in relation to the sensitive receivers and potential 
affected uses. 

3 - 10 

2.1 (xi) Identify, assess and specify methods, measures and 
standards, to be included in the detailed design, construction 
and operation of the Project which are necessary to mitigate 
these environmental impacts and cumulative effects and 
reduce them to acceptable levels. 

3 - 10 
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2.1 (xii) Investigate the extent of the secondary environmental impacts 
that may arise from the proposed mitigation measures and to 
identify constraints associated with the mitigation measures 
recommended in the EIA study, as well as the provision of any 
necessary modification. 

3 - 10 

2.1 (xiii) Design and specify environmental monitoring and audit 
requirements to ensure the effective implementation of the 
recommended environmental protection and pollution control 
measures. 

3 - 10 

3.4.1 Water Quality 4 

3.4.1.1 Follow the criteria and guidelines for evaluating and assessing 
water pollution as stated in Annexes 6 & 14 of the TM 
respectively.  

4.3 

3.4.1.2 Study area shall cover the Mirs Bay, Port Shelter, Eastern 
Buffer and Junk Bay Water Control Zones, as designated 
under the Water Pollution Control Ordinance (WPCO). 

4.3 

3.4.1.2 Sensitive receivers including but not limited to habitats / 
species of conservation importance, such as coral 
communities, marine mammals, amphioxus (Branchiostoma 
spp.), areas of fisheries interest, fish spawning grounds, fish 
culture zones, bathing beaches and secondary contact 
recreation zones and sea water intakes shall be addressed in 
the water quality assessment. 

4.5.2 

3.4.1.3 Identify and analyse physical, chemical and biological 
disruptions of marine water system(s) arising from project 
construction and operation of the Project. 

4.7 - 4.8 

3.4.1.4 Predict, quantify and assess any water quality impacts arising 
from the Project on the water system(s) and the sensitive 
receivers by appropriate mathematical modelling and / or other 
techniques proposed to and approved by the Director.   

4.4 - 4.6 

3.4.1.4 Possible impacts shall include but not be limited to changes in 
hydrology, flow regime, sediment erosion and deposition 
pattern, water and sediment quality due to marine piling works, 
dredging of marine sediment for submarine cables, effects on 
the flora and fauna due to such changes in the study area. 

4.4 and 4.7 - 4.8 

3.4.1.5 Take into account and include likely different construction 
stages or sequences of the Project in the assessment.   

4.4 and 4.7 

3.4.1.5 (i) Collection and review of background information on the 
existing and planned water system(s) and their respective 
sensitive receivers; 

4.5 

3.4.1.5 (ii) Characterisation of water and sediment quality of the water 
system(s) and sensitive receivers based on existing 
information or appropriate site survey and tests.  

4.5 and 4.7.2 - 
4.7.3 

3.4.1.5 (iii) Identification and analysis of the existing and planned future 
activities and beneficial uses related to the water system(s), 

4.5.2, 4.7.4 and 
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and identification of the water sensitive receivers. 4.8.2 

3.4.1.5 (iv) Identification of pertinent water and sediment quality objectives 
and establishment other appropriate water and sediment 
quality criteria or standards for the water system(s) and all the 
sensitive receivers in sub-section 3.4.1.5 (i).  

3.4 and 4.7 

3.4.1.5 (v) Evaluation of the spatial design of the wind farm, foundation 
types, construction sequences and methods, and operation; 
consider all best practical arrangements to avoid adverse 
effects of the Project on the ecological sensitive sites due to 
changes of local erosion and sedimentation patterns; 

2 and 4.7 - 4.10 

3.4.1.5 (vi) Identification and quantification of existing and committed 
water and sediment pollution sources and loading, including 
point and non-point discharges, during the construction and 
operation stages of the Project; 

4.5 and 4.7 - 4.8 

3.4.1.5 (vii) Establishment and provision of a pollution load inventory on the 
quantities and characteristics of existing and likely future water 
pollution sources.  Field investigation and laboratory tests shall 
be conducted as appropriate to fill in any major information 
gaps; 

4.4 - 4.5, 4.7 - 
4.8 and 4.10  

3.4.1.5 (viii)  Analysis on the provision of wastewater treatment facilities in 
terms of capacity and level of treatment to reduce pollution 
arising from both the point and non-point discharges identified 
in (vi) 

4.7 - 4.8 

3.4.1.5 (ix) Identification and evaluation of the best practicable dredging 
methods to minimize dredging and dumping requirements and 
demand for fill sources based on the criterion that existing 
marine mud shall be left in place and not to be disturbed; 

2, 3.2 and 3.4 -
3.5 

3.4.1.5 x(x) devise mitigation measures to avoid or minimize the impacts 
identified above, in particular suitable dredging and disposal 
methods shall be recommended to mitigate any adverse 
impacts.  The residual impacts on the water system(s) and the 
sensitive receivers with regard to the relevant water and 
sediment quality objectives, criteria, standards or guidelines 
shall be assessed and quantified using appropriate 
mathematical models set out in Appendix B to this study brief.; 

3.6 and 4.9 - 
4.10   

3.4.1.5 (xi) Assessment of the cumulative impacts due to other related 
concurrent and planned projects including the mud dumping 
activities near Ninepins Islands, and potential sand reserves in 
the eastern waters activities or pollution sources along the 
identified water system(s) and sensitive receivers that may 
have a bearing on the environmental acceptability of the 
Project.  This shall include the potential cumulative 
construction and operational water quality impact arising from, 
inter alia, other pollution sources within the study area; 

4.7.4 

3.4.1.5 (xii) Evaluation of the potential for and associated water quality 
impacts arising from accidental vessel collisions within the 
Project area during construction and maintenance of the wind 
farm. The Applicant shall devise a contingency plan for control 
and mitigation of the associated pollution impacts as identified 
above. 

2 and 4.8  
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3.4.1.5 (xiii) Identification and quantification of all dredging, fill extraction, 
filling, mud/sediment transportation and disposal activities and 
requirements. Potential fill source and dumping ground to be 
involved shall be identified. Appropriate laboratory tests such 
as elutriate tests (USACE) and sediment pore water (interstitial 
water) analyses shall be performed on the sediment samples 
to simulate and quantify the degree of mobilization of various 
contaminants of concern into the water column during 
dredging. The ranges of parameters to be analyzed, the 
number, type and methods of sampling, sample preservation 
and chemical and biological laboratory test methods to be used 
shall be subject to the approval of the Director.  The categories 
of sediments which require different types of disposal in 
accordance with the Environmental, Transport and Works 
Bureau Technical Circular (Works) No. 34/2002 shall be 
identified by both chemical and biological tests and their 
quantities shall be estimated. If the presence of any seriously 
contaminated sediment which required Type 3 disposal is 
confirmed, the Applicant shall identify the most appropriate 
treatment and/or disposal arrangement and demonstrate its 
feasibility; 

3.2, 3.4 - 3.5 and 
4.7 

3.4.1.5 (xiv) In case of small scale dredging works, the Applicant shall 
assess the potential increase in turbidity and suspended solids 
levels in the water column due to disturbance of marine 
sediments during dredging. The potential for release of 
contaminants during dredging shall also be addressed using 
the chemical and biological testing results derived from 
sediment samples collected on site and relevant historic data; 

4.7 

3.4.2 Ecological Impact (Terrestrial and Marine) 5 - 7 

3.4.2.1 Follow the criteria and guidelines for evaluating and assessing 
ecological impact as stated in Annexes 8 and 16 of the TM. 

5.3, 6.3 and 7.3 

3.4.2.2 The assessment area for marine ecological impact shall cover 
Port Shelter, Mirs Bay, Eastern Buffer, Junk Bay and Southern 
Water Control Zones as designated under the Water Pollution 
Control Ordinance or any areas likely be impacted by the 
Project. 

5.4, 6.4 and 7.4 

3.4.2.3 

 
 

In the ecological impact assessment, the Applicant shall 
examine the flora, fauna and other components of the 
ecological habitats within the assessment area.  The aim shall 
be to protect, maintain or rehabilitate the natural environment. 
In particular, the Project shall avoid impacts on wildlife groups 
or habitats/ species with conservation interests including but 
not limited to corals (including all hard corals, octocorals and 
black corals), marine mammals, amphioxus (Branchiostoma 
spp.) and avifauna, in particular migratory birds.  The 
assessment shall identify and quantify as far as possible the 
potential ecological impacts to the natural environment and the 
associated wildlife groups and habitats/species arising from the 
proposed Project including its construction and operation 
phases as well as the subsequent management and 
maintenance of the proposals. 

5.5, 6.5, and 7.5 
- 7.6 

3.4.2.4 The assessment shall include the following major tasks:  

3.4.2.4 (i) Review the findings of relevant studies/surveys and collate the 
available information regarding the ecological characters of the 

5.4 - 5.6, 6.4 - 
6.5, and 7.4 - 7.6 
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assessment area. 

3.4.2.4 (ii) Revaluate information collected and identify any information 
gap relating to the assessment of potential ecological impact; 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iii) Carry out ecological field surveys and investigations to fill in the 
information gaps identified in Sections 3.4.2.4 (ii) above and 
fulfil the objectives of the EIA study. The field surveys shall 
include but not limited to coral communities, marine benthic 
communities, marine mammals and avifauna, in particular 
migratory birds. The benthic survey shall cover at least 6 
months duration covering both wet and dry season and the 
avifauna surveys shall cover at least 9 months covering March 
to August.  The survey for marine mammals shall cover a 
duration of at least 12 months covering 4 seasons. 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) Establish the general ecological profile of the Study Area 
based on data of relevant previous studies/ surveys and results 
of the ecological field surveys, and taking into consideration the 
seasonal variations, and describe the characteristics of each 
habitat found; major information to be provided shall include: 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) (a) Description of the physical environment; including all 
recognized sites of conservation importance and assess 
whether these sites will be affected by the proposed Project or 
not; 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) (b) Habitat maps of suitable scale showing the types and locations 
of habitats/species in the Study Area with special attention to 
those with conservation interests, including but not limited to 
the following: 

 coral communities (including all hard corals, octocorals 
and black corals); 

 marine mammals, in particular finless porpoises; 

 any other notable marine benthic or littoral communities, 
in particular amphioxus, Branchiostoma spp.; 

 avifauna, in particular migratory birds; and 

 any other habitats/ species identified as having special 
conservation interest by this EIA study. 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) (c) Ecological characteristics of each habitat type such as extent, 
substrate, size, type, species present, dominant species, 
species diversity and abundance, community structure, 
ecological value and inter-dependence of habitats and species, 
and presence of any features of ecological importance. 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) (d) Representative colour photos of each habitat type and any 
important ecological features identified. 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) (e) Species found that are rare, endangered and/or listed under 
local legislation, international conventions for conservation of 
wildlife / habitats or red data books. 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 

3.4.2.4 (iv) (f) Investigation and description of the existing wildlife uses of the 
various habitats with special attention to those wildlife groups 
and habitats with conservation interests, including but not 

5.4 - 5.6, 6.4 - 
6.5 and 7.4 - 7.6 
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limited to coral communities, amphioxus, marine mammals and 
avifauna in the context of the proposal. 

3.4.2.4 (vi) Using suitable methodology and considering also other works 
activities from other projects reasonably likely to occur at the 
same time, identify and quantify as far as possible of any direct 
(e.g. loss of habitats due to construction of wind turbines, other 
supporting facilities and laying of  submarine cables, etc), 
indirect (e.g. changes in flight path, water qualities, 
hydrodynamics properties, sedimentation rates and pattern, 
hydrology, rotation, noise and other disturbance generated by 
the wind turbines and other supporting facilities, etc), on-site, 
off-site, primary, secondary and cumulative ecological impacts 
such as destruction of habitats, reduction of species 
abundance/diversity, loss of feeding grounds, reduction of 
ecological carrying capacity, habitat fragmentation, and in 
particular the following: 

 deterioration or disturbance to corals (including all hard 
corals, octocorals and black corals) or other marine 
habitats/species of conservation value, including any 
discovered during the course   of the study; 

 removal or disruption of potentially valuable benthic 
communities, such as amphioxus, Branchiostoma spp.; 

 impacts to aquatic organisms during construction and 
avifauna during operational stage due to rotation of the 
wind turbines, noise produced by the wind turbines and 
the glare due to reflection of sunlight; 

 potential impacts of habitat use by marine mammals due 
to the presence of a contiguous array of turbines within 
their habitat; and 

 potential impacts or disturbance (e.g., physical injury, 
underwater noise) to marine mammals in particular 
Finless porpoises during construction (e.g., dredging of 
turbine foundations, cable installations, pile driving for 
installation of turbine foundations) and during operation 
(e.g., underwater noise generated by the wind turbines). 

5.7 - 5.9, 6.6 - 
6.8 and 7.7 

3.4.2.4 (vii) Evaluation of ecological impact shall be based on the best and 
latest information available during the course of the EIA study, 
using quantitative approach as far as practicable and covering 
construction and operation phases of the Project as well as the 
subsequent management and maintenance requirement of the 
proposals. 

5.4 - 5.12, 6.4 - 
6.10 and 7.4 - 

7.9 

3.4.2.4 (viii) Evaluation of significance and acceptability of the ecological 
impacts identified using criteria in Annex 8 of the TM. 

5.7 - 5.9, 5.11, 
6.6 - 6.7, 6.9 

and 7.7 

3.4.2.4 (ix) Recommendations for all possible alternatives, such as 
modification/change of layout design, construction site and 
method, spacing and alignment of wind turbines and 
submarine cables and practicable mitigation measures to 
avoid, minimize and/or compensate for the adverse ecological 
impacts identified during construction and operation of the 
Project such as, construction of the project at times that 
minimize impacts to marine mammals, corals, amphioxus and 
avifauna. 

2.4, 2.6 - 2.7, 
2.11, 5.10, 5.12, 
6.8, 6.10 and 7.8 

- 7.9 
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3.4.2.4 (x) Evaluation of the feasibility and effectiveness of the 
recommended mitigation measures and definition of the scope, 
type, location, implementation arrangement, resources 
requirement, subsequent management and maintenance of 
such measures. 

5.7 - 5.12, 6.6 - 
6.10 and 7.7 - 

7.9 

3.4.2.4 (xi) Determination and quantification as far as possible of the 
residual ecological impacts after implementation of the 
proposed mitigation measures. 

5.10 - 5.11, 6.8 - 
6.9 and 7.7 - 7.8 

3.4.2.4 (xii) Evaluate the severity and acceptability of the residual 
ecological impacts using the criteria in Annex 8 of the TM. 

5.10 - 5.11, 6.8 - 
6.9 and 7.7 - 7.8 

3.4.2.4 (xiii) Review of the need for and recommendation for any ecological 
monitoring programme required. 

5.12, 6.10 and 
7.9 

3.4.3 Fisheries Impact 8 

3.4.3.1 Follow the criteria and guidelines for evaluating and assessing 
fisheries impact as stated in Annexes 9 and 17 of the TM. 

8.3 

3.4.3.2 Assessment area for fisheries impact assessment cover the 
Port Shelter, Mirs Bay, Eastern Buffer and Junk Bay Water 
Control Zones as designated under the Water Pollution Control 
Ordinance or any areas likely to be impacted by the project.  
Special attention will be given to the fishing activities within the 
proposed wind turbine site and Tung Lung Chau fish culture 
zone within the assessment area. 

4.3 - 4.4 and 8.4 
- 8.6 

3.4.3.3 Assessment covers any potential impact on both capture and 
culture fisheries, during the construction and operation phase. 
Existing information regarding the study area shall be 
reviewed. Based on the review results, the study shall identify 
data gap and determine if there is any need for field surveys. If 
field surveys are considered necessary, the study shall 
recommend appropriate methodology, duration and timing for 
the field surveys. 

8.4 - 8.9 

3.4.3.4 The fisheries impact assessment shall include the following 
tasks. 

 

3.4.3.4 (i) Description of the physical environmental background. 8.4 - 8.6 

3.4.3.4 (ii) Description and quantification of the existing capture and 
culture fisheries activities. 

8.5 - 8.6 

3.4.3.4 (iii) Description and quantification of the existing fisheries 
resources (e.g. major fisheries products and stocks). 

8.5 - 8.6 

3.4.3.4 (iv) Identification of parameters (e.g. water quality parameters) and 
areas that will be affected. 

4.3 - 4.4 

3.4.3.4 (v) Identification and quantification of any direct/indirect and 
onsite/offsite impacts of fisheries. 

8.7 - 8.9 
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3.4.3.4 (vi) Evaluation of impacts and make recommendations for any 
environmental mitigation measures with details on justification, 
description of scope and programme, feasibility as well as staff 
and financial implications including those related to subsequent 
management and maintenance requirements of the proposals. 

8.7 - 8.12 

3.4.3.4 (vii) Review the need for monitoring and, if necessary, recommend 
a monitoring and auditing programme. 

8.12 

3.4.4 Landscape and Visual Impact 10 

3.4.4.1 Follow the criteria and guidelines as stated in Annexes 10 and 
18 of the Technical Memorandum and the Guidance Notes 
EIAO No. 8/2002 on the preparation of Landscape and Visual 
Impact Assessment under the EIAO.  

10.2 

3.4.4.2 Assessment area for landscape impact assessment include all 
areas within a 500m distance from the Project while the 
assessment area for the visual impact assessment will be 
defined by the visual envelope of the Project. 

10.3 

3.4.4.3 Review all relevant plan(s) and/or studies which may identify 
areas of high landscape value and recommend marine park, 
country park, coastal protection area, green belt and 
conservation area designations. Any guidelines on landscape 
and urban design strategies and frameworks that may affect 
the appreciation of the Project shall also be reviewed. The aim 
is to gain an insight to the future outlook of the area affected so 
as to assess whether the Project can fit into the surrounding 
setting. Any conflict with statutory town plan(s) and any 
published land use plans will be highlighted and appropriate 
follow-up action will be recommended. 

10.4 

3.4.4.4 Describe, appraise, analyze and evaluate the existing and 
planned landscape resources and character of the assessment 
area. Derived for judging landscape and visual impact 
significance as required under the TM. Annotated oblique 
aerial photographs and plans of suitable scale showing the 
baseline landscape character areas and landscape resources 
and mapping of impact assessment will be extensively used to 
present the findings of impact assessment. Descriptive text will 
provide a concise and reasoned judgement from a landscape 
and visual point of view. The sensitivity of the landscape 
framework and its ability to accommodate change shall be 
particularly focused on. The Applicant shall identify the degree 
of compatibility of the Project with the existing and planned 
landscape setting. The landscape impact assessment shall 
quantify the potential landscape impact as far as possible so as 
to illustrate the significance of such impacts arising from the 
proposed development. Clear mapping of the landscape 
impact is required. 

10.5 

3.4.4.5 Assess the visual impacts of the proposed Project. Clear 
illustration including mapping of visual impact is required. The 
assessment shall include the following: 

10.6 - 10.7 

3.4.4.5 (i) Identification and plotting of visual envelope of the proposed 
Project. 

10.7 
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3.4.4.5 (ii) Identification of the key groups of sensitive receivers within the 
visual envelope with regard to views from ground level, sea 
level and elevated vantage points. 

10.5 

3.4.4.5 (iii) Description of the visual compatibility of the proposed Project 
with the surrounding and the planned setting, and its 
obstruction and interference with the key views of the adjacent 
areas. 

10.6 - 10.7 

3.4.4.5 (iv) The visual impacts of the proposed Project with and without 
mitigation measures will be included so as to demonstrate the 
effectiveness of the proposed mitigation measures. 

10.6 - 10.7 

3.4.4.6 Evaluate the merits of preservation in totality, in parts or total 
destruction of existing landscape and the establishment of a 
new landscape character area. In addition, alternative site, 
design and construction methods that would avoid or reduce 
the identified landscape and visual impacts shall be evaluated 
for comparison before adopting other mitigation or 
compensatory measures to alleviate the impacts. The 
mitigation measures proposed shall not only be concerned with 
damage reduction but shall also include consideration of 
potential enhancement of existing landscape and visual quality. 
The Applicant will recommend mitigation measures to minimize 
the adverse effects identified above, including provision of a 
landscape design. 

10.6 - 10.7 

3.4.4.7 The mitigation measures include the design of structure, 
provision of finishes to structure, colour scheme and texture of 
material used and any measures to mitigate the impact on the 
existing and planned land use. Parties shall be identified for the 
on going management and maintenance of the proposed 
mitigation works to ensure their effectiveness throughout the 
operation phase of the Project. 

10.6 - 10.7 

3.4.4.8 Annotated illustration materials such as colour perspective 
drawing, plans and section/elevation diagrams, annotated 
oblique aerial photographs, photographs taken at vantage 
points, and computer-generated photomontage shall be 
adopted to illustrate the landscape and visual impacts of the 
proposed Project. In particular, the landscape and visual 
impacts of the Project with and without mitigation measures 
shall also be properly illustrated in existing and planned setting 
by computer-generated photomontage so as to demonstrate 
the effectiveness of the proposed mitigation measures. All 
computer graphics shall be compatible with Microstation DGN 
file format. The Applicant shall record the technical details in 
preparing the illustration, which may need to be submitted for 
verification of the accuracy of the illustration. Consideration 
should be given to views affecting the following, but not 
necessarily limited to, residents and tourists/visitors of Clear 
Water Bay Peninsular, High Island , and  other nearby Islands. 

10.6 - 10.7 

3.4.5 Construction Waste Management Implications 3 

3.4.5.1 Follow the criteria and guidelines as stated in Annexes 7 & 15 
of the TM for evaluating and assessing water management 
implications arising from construction of the Project. 

3.3 

3.4.5.2 (i) Analysis of activities and Waste Generation:  identify the 
quantity, quality and timing of the waste and chemical waste 

3.2 and 3.4 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment Report 

 

ESB-146/2006 Issue 3, May 2009 Appendix 1B - Page 10 
 

Brief Ref. # Summary EIA sections

arising as a result of the construction activities of the Project 
and adopt design, general layout, construction methods and 
programme to minimize the generation of public fill/inert 
C&DM. 

3.4.5.2 (ii) Proposal for Waste Management 3.4 - 3.6 

3.4.5.2 (ii) (a) For reducing waste generation, on-site or off-site re-use and 
recycling shall be evaluated.  Measures which can be taken in 
the planning and design stages. 

2 and 3.5 

3.4.5.2 (ii) (b) The types and quantities of the wastes required to be disposed 
of as a consequence will be estimated and the disposal options 
for the wastes will be described in detail.  

The disposal options recommended for each type of wastes 
shall take into account the result of the assessment in item (c) 
below.  

The EIA report will also state clearly the transportation routings 
and the frequency of the trucks/vessels involved, any barging 
point or conveyor system to be used, the stockpiling areas and 
the disposal outlets for the wastes identified 

3.2 and 3.4 - 3.6 

3.4.5.2 (ii) (c) The impact caused by handling (including stockpiling, labelling, 
packaging & storage), collection, transportation and disposal of 
wastes shall be addressed in detail and appropriate mitigation 
measures shall be proposed. This assessment shall cover the 
following areas: 

 potential hazard; 

 air and odour emissions; 

 noise; and 

 wastewater discharge, 

 landscape ad visual impacts, if any. 

3.4 - 3.6 

3.4.6 Impact on Cultural Heritage 9 

3.4.6.1 Follow the criteria and guidelines for evaluating and assessing 
the cultural heritage impacts as stated in Annexes 10 and 19 of 
the TM. 

9.3 

3.4.6.2 Available information will be reviewed to identify whether there 
is any possible existence of sites or objects of cultural heritage 
within any seabed that would be affected by the marine works 
of the Project 

9.4 - 9.11 

3.4.6.2 The information gathered will be used to avoid to the maximum 
practicable extent by modification of the layout and design of 
the Project 

9.10 - 9.11 
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Executive Summary 

Background 

HK Offshore Wind Limited, a 100% subsidiary of Wind Prospect (HK) Limited, is 

proposing to install a windfarm in offshore south-eastern waters of Hong Kong, in 

response to the HKSAR Government’s target of 1-2% of Hong Kong’s electricity 

to come from renewable energy by 2012. 

Figure 1.1 illustrates the proposed location of the Project that is expected to 

comprise up to 67 turbines, linked by cables that collect electricity from the 

various turbines, and transmit via an offshore transformer to shore at Tseung 

Kwan O. 

Figure 1.1 Proposed Windfarm Site & Proposed Cable Route 

 

 

 

 

 

 

 

 

BMT Asia Pacific Limited, acting for Wind Prospect have been tasked with the 

examination of the marine safety aspects associated with the Project.     

The objective of the assessment is to show that sufficient actions have been 

taken to ensure the risks are acceptable, with appropriate mitigation, and can be 

used by Marine Department as the basis for a positive consent decision. 
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Marine Navigational Safety Risk Assessment (MNSRA) 

The key questions associated with development of an offshore wind farm are: 

• Where to site it? 

• How to mark it? 

• How to manage it? 

The purpose of the Marine Navigational Safety Risk Assessment (MNSRA) has 

been to produce an assessment that is proportionate to the scale of the 

development and the magnitude of the risk.   

Given that Hong Kong has no prior experience with such developments it was 

agreed with Marine Department that a quantitative marine risk assessment based 

on Formal Safety Assessment methods would be conducted in accordance with 

the most comprehensive guidance available for the assessment of such projects 

currently being used in Europe.  This guidance is the Department of Transport & 

Industry, UK (2005) “Guidance on the Assessment of the Impact of Offshore 

Windfarms:  Methodology for Assessing the Marine Navigational Safety Risks of 

Offshore Wind Farms.”   

The key tasks undertaken during the study are identified below 

MNSRA Submission Activities 

 

Stage 1: Project Inception 
• Preliminary Hazard Analysis 

• Definition of an appropriate Programme of Work 
• Specification of tools and techniques to be used 

 
Stage 2: Traffic Review 

• Understanding the Base Case densities and types of traffic 
• Understanding the future densities and types of traffic 

 
Stage 3:  Area Traffic Assessment 

 
Stage 4: Formal Safety Assessment comprising 

• Hazard identification 
• Risk assessment 

• Hazard log 
• Risk control log 

 
Stage 5: Final Assessments and Submission Preparation. 
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Traffic Assessment 

Baseline Activity 

Historically marine traffic risks have been a major issue for developments in Hong 

Kong waters, given the busy nature of local waters.  While the proposed windfarm 

was specifically sited in an area of little traffic activity its size (approximately 

15km
2
) creates the potential for marine navigation issues.   

An extensive survey campaign (June – September 2006) has been undertaken to 

develop a comprehensive understanding of current traffic patterns, as it may 

impact the proposed windfarm.  This was achieved by collation of short-term and 

long-term records including timetabled data, Marine Department arrival/departure 

records, visual boat-based surveys and capture of digital radar records.   

The key traffic streams within the south-eastern waters are illustrated below: 

Principal Shipping Activity near Site. 
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The survey identified that: 

− The initial site selection has successfully located the Windfarm in an area 

away from key traffic routes - particularly those traversed by larger ocean-

going vessels, and hence any site impacts are restricted to effects on smaller 

local vessels. 

− Peak traffic activity across a 5km north-south transect is approximately 20 

movements per day across the proposed Windfarm.   

− While the proposed Windfarm site is large (aprox. 5km N-S and 3km E-W) the 

development does not impose significant diversions of the traffic or 

extensions of transit routes 

− The proposed Windfarm site area itself is not a specific focus of fishing, with 

the greatest activity concentrated closer inshore, particularly near the 

Ninepins island group. 

− The development is sited in an exposed deep water area of Hong Kong 

waters.  Recreational power boating and sailing activity is focussed further 

inshore to the north-west of the site, within and around the islands and 

beaches of the Sai Kung Country Park area. 

Future Traffic 

A comprehensive assessment of future drivers to marine traffic was performed to 

examine the growth in commercial cargo, passenger, recreational and fishing 

activity that may impact the traffic within the Study Area.  This provided the 

foundation for the assessment of the marine traffic risk. It was identified that  

− traffic growth forecast for the area is anticipated to grow in the order of 1.5% 

per year 

− Construction, operation and decommissioning activities are not widespread 

and are focussed within the site boundaries, in particular at the turbine 

locations 

− While increased larger scale development of Yantian port (north of the site) is 

expected, and coastal routes will increase traffic south of the site, no 

developments are planned that will directly inject new traffic into the area that 

will be adversely constrained by the proposed Windfarm’s location. 

 

The following figures illustrate the distribution of vessel tracks across south-

eastern waters sampled from a peak four day traffic period.  Within these plots 

each line represents a single movement, or many transits along the same route.    

The displaced traffic structure was created by routing all vessels that currently 

pass across the windfarm site around the perimeter to create a conservative 

“worst case” representation of traffic impact on vessel routing.   
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Original & Displaced Traffic Routes around proposed Windfarm (shaded 
green) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Formal Safety Assessment 

The Formal Safety Assessment (FSA) was progressed via the following stages, to 

ensure a wide range of potential hazards were captured: 

− Hazard Identification 

− Risk Assessment 

− Hazard & Risk Control Log 

 

The key hazards posed by the proposed Windfarm may be broadly described as: 

− Internal – the potential for collision with the new marine structures (if 

unrestricted access was permitted), and a variety of issues associated with 

maintenance operations and the conduct of Search & Rescue operations 

within the proposed Windfarm area.   Key issues are also developed with 

respect to the presence of the Windfarm drawing people into an exposed 

offshore area.  

− External - what may happen to traffic that may divert around the proposed 

Windfarm and how will the vessel collision potential be changed?  A key issue 

is also the impact of the windfarm on Marine Department and local vessel 

radar.  
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Internal to Windfarm 

Internal – A review of operational risks has been conducted.  It is identified that: 

− The potential for collision with the new marine structures as a result of vessels 

transiting through the proposed Windfarm for normal navigation is extremely 

low, and acceptable as the spacing of the turbines (at widths of 450m+) 

allows safe navigation of small craft. 

− Risks associated with operational maintenance activities and Search & 

Rescue operations within the proposed Windfarm area mirror those being 

faced by many facilities operational or under permitting in European waters 

and can be effectively managed.  

− The frequency of hazards associated with public access to the Proposed 

Windfarm is difficult to quantify.  It is apparent that the safety-security aspects 

of unrestricted public access to the Windfarm area pose the most significant 

risk issue for the project.  

External to Windfarm 

External - The key risks of vessel-vessel collision external to the proposed 

Windfarm were assessed using marine traffic simulation.   In agreement with 

Marine Department, Base Case and Future Case (2011 - 2021) marine traffic 

simulations have been conducted to examine the change in the future risk profile 

of the Study Area, with and without the proposed Windfarm.   It is identified that:  

− In the most conservative case of all, vessels skirting the Windfarm, the 

collision risk for local craft is forecast to increase by a maximum of 0.3 

incidents per year.  Review of historic incident records have identified that 

only 1% of collisions are likely to result in a fatality; presenting a risk of fatality 

of 1 in 300 years.   

− As such there is a small chance of a marine collision hazarding life during the 

25 year life of the wind farm and the “Societal Risk”, (a measure of exposure 

of the local marine population) is predicted to be within the acceptable limits 

of local guidelines.  In consequence, the “knock-on” effects of the proposed 

Windfarm to 3
rd
 party marine traffic are considered acceptable. 

− External risks such as stranding, capsizing and fires would not be impacted 

by the development. 
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Risk Control – Marking & Management 

A series of risk control measures have been developed to assist in the safe 

operation of the proposed Windfarm development.  Experience to date of 

operational offshore wind farms in European waters identifies that these 

structures can be readily identified and avoided.  Other hazards may be 

addressed by operational management initiatives.  These include: 

− The provision of additional radars and CCTV to supplement Marine 

Department/HK Police surveillance of south-eastern waters, 

− Turbine marking (lights, painting and sound signals) to international 

standards. 

− Regular deployment of at least one offshore support/patrol vessel to act in a 

maintenance support and first response role to assist in the management of 

safety of the site.  

− Search & Rescue trials to be undertaken to co-ordinate operational measures 

− Restricted Access, (see below) 

Review of the hazards and the key risks have identified a series of hazards that 

cannot be readily mitigated by engineering/operational measures.  These hazards 

are associated with a variety of behaviours that may be undertaken by members 

of the public due to the presence of the proposed Windfarm, which may draw 

people into an offshore area for which the passengers and vessels are 

unprepared.  These include: 

− Members of public scaling turbines for fishing, with the potential for falls, or 

stranding on towers due to boats unable to return and pick-up 

− Capsizing hazards due to un-seaworthy vessels accessing the windfarm area 

for sight-seeing activities 

− Trawlers taking advantage of the anticipated aggregation of fish around 

turbine bases to trawl very close to foundations developing the risk of 

snagging of nets/collision. 

In order to manage these risks it is proposed that the Windfarm area is 

designated as a controlled waterspace through the development of byelaws or 

similar legal instruments.   Waterbourne access would be restricted to vessels that 

have received approval from a joint Operator/Marine Department review body.  

The following vessel restrictions are proposed at this stage: 



Wind Prospect (HK) Limited Hong Kong Offshore Windfarm in Southeastern Waters 
Marine Navigational Safety Risk Assessment – 

Executive Summary 
 

 

BMT Asia Pacific, ref: R/8323/08 Issue 3, February 2009  Page 8 

 

 

 

Class Type 
Existing Operations in Wind 

Farm Site Area 
Initial Proposed 

Restriction 

Fishing 
Vessels 

 

Occasional fishing operations 
across Site, however most 

activity concentrated closer to 
Nine Pins Islands 

Trawling & transit 
Restricted.  

Rivertrade 
coastal 
vessels 

 

 

Transits of extreme southern 
tip of Site, on east-west 

alignment across Mirs Bay, and 
occasional feeder trips Yantia-

Hong Kong north-south 

Transit Restricted 

Small Craft, 
Fast Launches 

& Powered 
Recreational 

Craft 

 

 

Very sparse activity during 
daylight hours.  Radar records 

of early morning, potentially 
elicit transits.  Development of 
project expected to increase 

activity. 

Licensed tourist 
vessels only, all 
others Restricted 

Sailing 
Vessels 

 

Very sparse activity,  however 
development of project 

expected to increase activity 

Licensed vessels 
only, all others  

Restricted 

 

Approved vessels would include all Government craft, Windfarm maintenance 

vessels, and may be extended to include dive boats, specific tourist launches, etc.  

It is anticipated that these vessels would be required to carry AIS transmitters to 

monitor and safeguard their operations, and be surveyed to ensure they are 

adequately seaworthy for offshore conditions. 

Conclusion 

A comprehensive assessment of the marine navigation safety risk implications 

arising from the establishment of an offshore wind farm in south-eastern Hong 

Kong waters has been conducted in accordance with a methodology agreed by 

Marine Department.  This Study, conducted within the framework of a Formal 

Safety Assessment and following specific UK guidelines for offshore wind farm 

assessment, has included the identification of key hazards and the quantification 

of key risks arising.  

It is identified that the impact of the proposed Windfarm on marine users is minor, 

and acceptable, given the design features and management measures proposed 

to accompany the development.  These include the provision of navigation aids, 

CCTV, additional radars, regular deployment of a support/patrol vessel and the 

designation of the windfarm waterspace area as restricted, with managed access. 
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1 Summary 

1.1 Objectives 
This report presents the model set up and calibration of a fine grid model, 
named as Wind Farm Model, of the proposed Hong Kong Offshore Wind 
Farm in Southeastern Waters. 

1.2 Calibration Procedures 
The development of the Wind Farm Model was based on the model setup 
of the Update Model, which was constructed, calibrated and verified by 
Delft Hydraulics under the Update on Cumulative Water Quality and 
Hydrological Effect of Coastal Development and Upgrading of Assessment 
Tool.  The Update Model is a fully calibrated and verified model.  The 
model grid of Wind Farm Model was refined to give a better representation 
of the hydrodynamic conditions in the Study Area.  The areas covered by 
the model included the Victoria Harbour, Eastern Buffer, Junk Bay, Port 
Shelter and Mirs Bay Water Control Zones.  Calibration of the Wind Farm 
Model was performed through the comparison of the hydrodynamic results 
predicted by the Wind Farm Model with those of the Update Model. 

Representative observation points and cross-sections were selected for 
checking the validity of the Wind Farm Model.  Velocities, current 
directions, salinity flux and accumulated flows obtained at the observation 
points and cross-sections were compared with the prediction results of the 
Update Model for model verification.  
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2 Model Setup 

2.1 Hydrodynamic Regime 
In the Study Area, tidal flows are strong in Victoria Harbour, where 
contributes the tidal zone of Pearl River Estuary.  The open sea of eastern 
waters were affected by the Taiwan and Kuroshio Currents which tend to 
drift towards west in dry season and by Hainan Current which tends to drift 
towards east in wet season. 

2.2 Hydrodynamics Physics 
The laws of mass conservation (continuity) and momentum conservation 
govern the marine hydraulics.  In the Study Area, vertical momentum and 
accelerations may be neglected when comparing with tidal effects.  In a 
three dimensional hydraulic model for incompressible fluid, the hydrostatic 
equation generally applies.  Under the shallow water and Boussinesq 
assumptions, Navier Stokes equations with consideration of Coriolis force 
and Reynold’s stress are applied for hydrodynamic analysis. 

As an integral part of the hydrodynamic analysis and impact assessment, 
hydrodynamic equations are solved numerically to obtain the horizontal 
flow velocities and water levels.  A curvilinear grid is set up to approximate 
the configuration of the coastline in the eastern waters, and therefore the 
land boundary conditions.  The equations are solved iteratively using the 
cyclic method, which is a modified Alternating Direction Implicit (ADI) 
method (Leendertse, 1967, 1971 and 1973) coupling the water levels and 
velocities implicitly along grid lines leading to systems of equations with a 
small bandwidth.  In order to prevent wiggles, forester filter (Forester, 1979) 
is used to check and remove negative values.  Details of the theoretical 
background and numerical aspects of the hydrodynamic model are 
presented in the Delft3D-FLOW User Manual issued by WL | Delft 
Hydraulics.   

2.3 Modeling Grid Layout 
The Wind Farm Model consists of 92 x 113 active grid cells.  The smallest 
grid sizes are in Junk Bay and Tung Lung Chau and are less than 60m.  
The sizes of the model grid increase toward the open boundaries.  The 
largest grid cells at the open boundaries are approximately 1200m.  Figure 
2-1 shows the grid layout of the Wind Farm Model. 
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Figure 2-1 Grid Layout of the Wind Farm Model 

 

 

2.4 Bathymetry Schematization 
The bathymetry schematization of the Wind Farm Model was based on the 
depth data from the Update Model.  The depth data of the Wind Farm 
Model were interpolated from the data of the Update Model and checked 
with reference to the Marine Charts 1916 and 1917.  

Figure 2-2 presents graphically the bathymetry schematization of Wind 
Farm Model.  A comparison from Update Model in Tung Lung Chau is 
shown in Figure 2-3.  The reference level used in the Wind Farm Model 
was Principal Datum Hong Kong and all the depth data were relative to this 
datum. 

Approximate 
Wind Farm 
Location 
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Figure 2-2 Bathymetry Schematization 

 

 

Approximate 
Wind Farm 
Location 
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Figure 2-3 Comparison of Bathymetry Schematization (Up: Update Model, Down: Wind Farm Model) 
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2.5 Simulation Period 
The simulation periods for the dry and wet seasons hydrodynamic modeling 
are listed as follows: 

Dry season simulation period: 2 December to 17 December 

Wet season simulation period: 26 July to 10 August 

In order to determine a sufficient spin-up period, the first simulation 
included a first 8 days spin-up and a 15 days spring-neap cycle.  The last 
time-step results of this first simulation were used as the restart file for the 
additional model run of a full spring-neap cycle.  Therefore, the total spin-up 
time were 23 days.  The computational time step for hydrodynamic 
computations was 1 minute. 

2.6 Boundary Condition 
The Update Model provided open boundary conditions to drive the Wind 
Farm Model through a nesting process.  Water levels, salinities and 
velocities generated by the Update Model were transferred to the Wind 
Farm Model at the open boundaries. 

There were four open boundaries in the Wind Farm Model.  Figure 2-4 
shows the definitions of these open boundaries.  Two boundaries were 
defined as current whilst the other boundaries were defined as water level. 
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Water Level 

Water Level 

Velocity 

Velocity 

Approximate 
Wind Farm 
Location 

Figure 2-4 Boundary Definitions 

 

 

2.7 Discharges 
The Update Model covered the major Pearl River Estuary discharges 
including the discharges from Humen, Jiaomen, Hongqili, Hengmen, 
Muodaomen, Jitimen, Hutiaomen and Aimen.  The influence on 
hydrodynamic regime due to the Pearl River Estuary discharges were 
transferred to the Wind Farm Model through the nesting process at the 
open boundaries as discussed above. 

As the main driving force would be the tidal currents, the discharges from 
the storm outfalls within Junk Bay and Port Shelter would not change the 
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hydrodynamic regime in the area.  Nevertheless, constant flow rates of 
Eastern Drainage Channel (EDC) were input into the model for dry and wet 
season simulations as shown in Table 2.1.  The flow values were based on 
the following reports:  

 Agreement No. CE3/97 Feasibility Study for Intensification and 
Extension of Tseung Kwan O New Town: Eastern Drainage Channel 
Water Quality Assessment Jan 2001 

 Agreement No. CE87/2001(CE) Further Development of Tseung Kwan 
O Junk Bay Model Calibration Report: Hydrodynamics and Water 
Quality Oct 2004 

 Table 2.1 Flow rates of Eastern Drainage Channel 

 Flow Rate (m3/s) Discharge Location in Wind Farm Model 

Dry Season 0.016 

Wet Season 0.324 

Exit of the Eastern Drainage Channel at Tseung Kwan O.  
The discharge is treated as a single point source 
distributed uniformly over all vertical layers 

 

2.8 Cross Sections and Observation Points 
In order to determine the changes in flushing capacity and current speeds, 
the semi-enclosed water bodies and major channels nearest to the project 
site are selected.  Cross-sections are defined at the entrances / exits of the 
semi-enclosed water bodies and across the major channels to determine 
the flushing capacity, whereas observation points are defined at locations 
within the semi-enclosed waster bodies and at the wind farm site to 
determine the changes in current speeds.  The locations of the selected 
cross sections and observation points are shown in Figure 2-5.   

The four cross-sections are Tattong Channel (S1), Port Shelter (S2), Rocky 
Harbour (S3) and Tai Long Wan (S4).  The cross section is defined as a 
single segment at each channel covering all grid cells between two land 
boundaries across the channel to examine the changes in accumulated 
flows.   

The seven observation points are at Tseung Kwan O (H1), Fat Tong Chau 
(H2), Clear Water Bay (H3), Shelter Island (H4), Ma Tau Wan (H5), and the 
proposed wind farm location (WF) (H6 and H7) for comparison of salinities, 
velocities and current directions with the predicted results by the Update 
model. 
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Figure 2-5 Cross Sections and Observation Points 

 

There is a significant difference between the grid layout of the Wind Farm 
Model and the Update Model particularly in Port Shelter and Rocky Harbour.  
Figure 2-6 shows the grid layouts of these two areas in the Update Model 
and Wind Farm Model.  It is obvious that the Update Model grids are much 
coarser than the Wind Farm Model grids, failing to match accurately with 
the land boundary.  The accuracy of the Update Model prediction of 
accumulated flow and salinity flux through the cross sections defined in 
Port Shelter (S2) and Rocky Harbour (S3) are expected to be low.  
Therefore, no attempt is made in this report to compare the accumulated 
flows and salinity fluxes through the cross sections S2 and S3 predicted by 
the Update Model and Wind Farm Model.  The calibration results for other 
cross sections are however presented in the following sections. 
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Figure 2-6 Comparison of Modelling Grid Layout (Up: Wind Farm Model; Down: Update Model)  
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3 Calibration Results 

3.1 Accumulated Flow 
Figure 3-1 and Figure 3-2 show the predicted accumulated flows in Tattong 
Channel and Tai Long Wan for dry and wet season respectively.  The 
predicted accumulated flows from Wind Farm Model and Update Model at 
these two cross sections matched reasonably well.  The small differences 
in accumulated flows would be caused by the coarse Update Model grids 
as described in the section above.  In contrast, the Wind Farm Model with 
refined grid sizes could better reflect the coastline providing more accurate 
results.   

Figure 3-1 Accumulated Flow at S1 and S4 during Dry Season 
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Figure 3-2 Accumulated Flow at S1 and S4 during Wet Season 
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3.2 Salinity Flux 
Figure 3-3 and Figure 3-4 show the predicted salinity fluxes at Tattong 
Channel and Tai Long Wan.  The predicted salinity fluxes at these cross-
sections are rather stable.  In the dry season, the predicted salinity fluxes 
from Wind Farm Model and Update Model at these two cross sections 
matched reasonably well.  Small differences were predicted in the wet 
season.  This would be due to the fact that the Update Model grids were 
rather coarse and could not accurately match with the land boundary whilst 
the Wind Farm Model with refined grid sizes could better reflect the 
coastline providing more accurate results. 
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Figure 3-3 Salinity Flux at S1 and S4 during Dry Season 
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Figure 3-4 Salinity Flux at S1 and S4 during Wet Season 
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3.3 Salinity 
Figure 3-5 and Figure 3-6 show the predicted salinity at observation points 
for dry and wet season respectively.  A test has been conducted to rerun 
the Update model using a restart file generated at the last time step of the 
previous model run.  The predicted salinity results are similar to the 
previous results.  Since the fine grid model uses the same restart file of the 
Update model to start the model run, the tidal conditions at the beginning of 
the model run for the fine grid model are the same as those of the Update 
model.  The predicted salinity results are rather stable in dry season.  There 
were some fluctuations in salinity in wet season and the salinity levels were 
lower when compared to that in the dry season.  In general, the salinity 
levels predicted by the Wind Farm Model compared well with those of the 
Update Model. 

 

Figure 3-5 Surface Layer Salinity at H1 to H7 during Dry Season 
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Figure 3-6 Surface Layer Salinity at H1 to H7 during Wet Season 
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3.4 Velocity and Current Direction 
Figure 3-7 and Figure 3-8 present the predicted depth-averaged velocities 
at observation points (H1 – H7) in the dry and wet seasons respectively.  
The majority of the Wind Farm Model predictions matched reasonably well 
with the Update Model predictions.  However, small deviations in the 
predicted results were observed particularly in the wet season.  The main 
reason was that the gird size in the Update Model is too large at these 
observation points.  The small islands were presented as thin dams in the 
Update Model, whereas refined grids and dry points were used in the Wind 
Farm Model giving a better representation. 

Figure 3-9 and Figure 3-10 present the predicted depth-averaged current 
directions at observation points in dry and wet seasons respectively.  Due 
to the large difference in grid size at these observation points, some of the 
Wind Farm Model predictions did not match well with the Update Model 
predictions.  However, the refined grid size of the Wind Farm Model should 
provide more accurate results to represent the actual current directions 
when compared to the Update Model.  
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Figure 3-7 Depth Averaged Velocities at H1 to H7 during Dry Season 
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Figure 3-8 Depth Averaged Velocities at H1 to H7 during Wet Season 
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Figure 3-9 Depth Averaged Current Directions at H1 to H7 during Dry Season 
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Figure 3-10 Depth Averaged Current Directions at H1 to H7 during Wet Season 
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4 Conclusions 
This calibration report has presented details of the Wind Farm Model setup 
and calibration.  The predictions from the Wind Farm Model have been 
compared with the Update Model predictions.  In most of the cases, the 
hydrodynamic predictions from the Wind Farm Model were very similar to 
the Update Model predictions.  However, some differences were noted in 
the predicted results between Wind Farm Model and Update Model.  The 
discrepancy was likely to be due to a more accurate representation of the 
bathymetry and coastline by the Wind Farm Model with refined grid size 
than by the Update Model. 

In conclusion, the calibration results suggested that the Wind Farm Model 
is capable of predicting reliable hydrodynamic conditions in the study area 
and can be used for prediction of the construction and operational 
scenarios of the present Project. 
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Water Sensitive Receivers agreed with EPD and 
AFCD  
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Water Sensitive Receivers agreed with EPD and AFCD 
 

WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

SWI1 
Seawater Intakes for WSD 

Pumping Station at Cha Kwo 
Ling 

841903 817693 1 2.43  

SWI2 
Seawater Intakes for WSD 
Pumping Station at Siu Sai 

Wan 
844056 814128 1 1.47  

SWI3 
Seawater Intakes for WSD 
Pumping Station at Tseung 

Kwan O 
845525 817388 1 0.70  

SWI4 
Seawater Intakes for WSD 

Pumping Station at Yau Tong 
842187 817094 1 2.27  

SWI5 
Seawater Intakes for WSD 

Pumping Station at Chai Wan 
843607 814412 1 1.68  

SWI6 
Seawater Intakes for 

Desalination Plant at Kau Sai 
Chau Golf Course 

849417 825107 1 8.86  

SWI7 
Seawater Intakes for Cooling 

System at Pamela Youde 
Nethersole Eastern Hospital 

842963 815209 1 2.13  

SWI8 
Seawater Intakes for Cooling 
System at Heng Fa Chuen 

842816 815612 1 2.22  

SWI9 
Seawater Intakes at Cape 
D'Aguilar Marine Reserve 

844920 807708 1 3.87  

FCZ1 
Ma Nam Wat Fish Culture 

Zone 
845826 823899 2 6.22  

FCZ2 Kau Sai Fish Culture Zone 850586 822601 2 7.81  

FCZ3 
Kai Lung Wan Fish Culture 

Zone 
849125 825250 2 8.81  

FCZ4 
Leung Shuen Wan Fish 

Culture Zone 
854130 823384 2 11.11  

FCZ5 Po Toi O Fish Culture Zone 848635 815788 3 3.24  

FCZ6 
Tung Lung Chau Fish Culture 

Zone 
847429 813038 2 1.06  

FCZ7 
Tai Tau Chau and Tiu Cham 

851225 825465 2 10.27  
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WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

Wan Fish Culture Zones 

GB1 Trio Beach, Sai Kung 845458 823921 4 6.17  

GB2 
Clear Water Bay First and 

Second Beaches 
848083 815923 4 2.80  

GB3 
Silverstrand Beach, Bayside 

Beach, Little Palm Beach 
846655 820502 4 3.52  

GB4 Shek O Beach 844530 809366 4 2.99  

GB5 Big Wave Bay Beach 843560 811716 4 3.02  

GB6 Rocky Beach 844204 810428 4 2.87  

CC1 
Coral Communities at Tung 

Lung Chau West 
848939 811880 5 1.26  

CC2 
Coral Communities at Steep 

Island 
850282 815250 5 4.33  

CC3 
Coral Communities at Tai 

Hang Tun East 
850021 816958 5 5.00  

CC4 
Coral Communities at Basalt 

Island North 
854691 820020 5 8.23  

CC5 
Coral Communities at Bluff 

Island 
853793 820855 5 9.21  

CC6 
Coral Communities at South 

Ninepin North 
854296 813986 5 2.37  

CC7 
Coral Communities at Tung 

Lung Chau South 
847745 811046 5 0.42  

CC8 
Coral Communities at Tung 

Lung Chau West 
846913 812366 5 0.34  

CC9 
Coral Communities at Tung 

Lung Chau North 
848087 813198 5 1.73  

CC10 
Coral Communities at Tso Tui 

Wan North 
844468 812855 5 1.78  

CC11 
Coral Communities at Fat 

Tong Chau West 
845348 815252 5 0.24  

CC12 
Coral Communities at Chiu 

843294 816425 5 1.64  
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WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

Keng Wan 

CC13 
Coral Communities at Shek 

Mei Tau 
849359 815594 5 3.80  

CC14 
Coral Communities at South 

Ninepin Island South 
854298 812611 5 1.01  

CC15 
Coral Communities at North 

Ninepin Island North 
853663 814371 5 2.86  

CC16 
Coral Communities at Tuen 

Chau Tsai East 
856353 814225 5 2.24  

CC17 
Coral Communities at Clear 

Water Bay 
848136 816474 5 3.12  

CC18 
Coral Communities at Basalt 
Island South and Boundary of 

Fish Protection Area 
856353 819066 5 7.07  

CC19 
Coral Communities at One 

Foot Rock 
855969 818784 5 6.81  

CC20 
Coral Communities at Victor 

Rock 
862690 817956 5 5.73  

CC21 
Coral Communities at Cape 

D’Aguilar 
844908 807586 5 3.98  

CC22 
Coral Communities at Tung 

Lung Chau 
848640 812488 5 1.91  

CC23 
Coral Communities at Tung 

Lung Chau 
848565 813141 5 2.16  

CC24 
Coral Communities at Junk 

Bay 
847951 814281 5 1.98  

CC25 
Coral Communities at Cape 

Collinson 
844533 813636 5 1.39  

CC26 
Coral Communities at Junk 

Bay 
844083 816837 5 0.80  

CC27 
Coral Communities at Junk 

Island 
844428 817976 5 0.16  

CC28 
Coral Communities at Wan 

Lan Island 
849405 805144 5 5.45  



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment 

 
 

ESB-146/2006 Issue 3, May 2009  Appendix 4B - Page 5 

 

WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

CC29 
Coral Communities at Sung 

Kong 
847666 805756 5 4.68  

CC30 
Coral Communities at Sung 

Kong 
847493 805362 5 5.09  

CC31 
Coral Communities at Ching 

Chau 
850584 815135 5 4.17  

CC32 
Coral Communities at Ching 

Chau 
850339 815110 5 4.18  

CC33 
Coral Communities at Clear 

Water Bay 
847970 816273 5 2.87  

CC34 
Coral Communities at Trio 

Island 
851022 818145 5 6.25  

CC35 
Coral Communities at Trio 

Island 
850938 817926 5 6.14  

CC36 
Coral Communities at Basalt 

Island 
855854 818601 5 6.64  

CC37 
Coral Communities at Basalt 

Island 
855255 819655 5 7.77  

CC38 
Coral Communities at Bluff 

Island 
853830 819343 5 7.72  

CC39 
Coral Communities at Bluff 

Island 
853999 819419 5 7.77  

CC40 Coral Communities at Kau Sai 850609 826607 5 10.77  

CC41 
Coral Communities at Wang 

Pai 
855087 815235 5 3.45  

CC42 
Coral Communities at 

Ninepins 
854125 814780 5 3.18  

CC43 
Coral Communities at 

Ninepins 
853889 814459 5 2.91  

CC44 
Coral Communities at 

Ninepins 
854235 814628 5 3.01  

CC45 
Coral Communities at 

Ninepins 
854387 812823 5 1.21  
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WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

CC46 
Coral Communities at 

Ninepins 
853704 813785 5 2.28  

CC47 
Coral Communities at 

Ninepins 
853898 813152 5 1.62  

CC48 
Coral Communities at 

Ninepins 
854336 813548 5 1.93  

CC49 
Coral Communities at Tai 

Long Wan 
857743 831257 5 18.82  

CC50 
Coral Communities at Tai 

Long Wan 
859615 830295 5 17.67  

FP1 
Boundary of Proposed 

Fisheries Protection Area 
853915 817037 6 5.44  

FP2 
Boundary of Proposed 

Fisheries Protection Area 
849621 814131 6 3.35  

FP3 
Boundary of Proposed 

Fisheries Protection Area 
857115 822522 6 10.45  

AR1 
Artificial Reef Deployment Site 

Area within Port Shelter 
850787 814964 6 3.96  

AR2 
Artificial Reef Deployment Site 

Area within Port Shelter 
855784 818529 6 6.58  

MM1 
Sighting Point of Marine 

Mammal 
847354 809569 7 1.06  

MM2 
Sighting Point of Marine 

Mammal 
858378 808746 7 3.26  

MM3 
Sighting Point of Marine 

Mammal 
860453 815510 7 2.86  

MM4 
Sighting Point of Marine 

Mammal 
857912 817013 7 5.01  

MM5 
Sighting Point of Marine 

Mammal 
861805 817876 7 5.38  

MM6 
Sighting Point of Marine 

Mammal 
852632 814096 7 2.78  

MM7 
Sighting Point of Marine 

Mammal 
860895 812302 7 0.50  
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WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

MM8 
Sighting Point of Marine 

Mammal 
855113 812060 7 0.33  

MM9 
Sighting Point of Marine 

Mammal 
851198 806763 7 4.18  

MM10 
Sighting Point of Marine 

Mammal 
856295 811824 7 0.12  

MM11 
Sighting Point of Marine 

Mammal 
852163 811835 7 0.64  

MM12 
Sighting Point of Marine 

Mammal 
855491 809776 7 1.99  

MM13 
Sighting Point of Marine 

Mammal 
861776 810163 7 2.67  

MM14 
Sighting Point of Marine 

Mammal 
865073 828080 7 16.09  

MM15 
Sighting Point of Marine 

Mammal 
866206 820495 7 9.68  

MM16 
Sighting Point of Marine 

Mammal 
854410 810584 7 1.00  

MM17 
Sighting Point of Marine 

Mammal 
856254 808690 7 3.19  

MM18 
Sighting Point of Marine 

Mammal 
854224 810728 7 0.82  

MM19 
Sighting Point of Marine 

Mammal 
861467 814792 7 2.34  

MM20 
Sighting Point of Marine 

Mammal 
859159 820406 7 7.88  

MM21 
Sighting Point of Marine 

Mammal 
863837 821325 7 9.28  

MM22 
Sighting Point of Marine 

Mammal 
864836 821514 7 9.85  

MM23 
Sighting Point of Marine 

Mammal 
860581 822975 7 10.33  

MM24 
Sighting Point of Marine 

Mammal 
852534 808690 7 2.53  



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters
Environmental Impact Assessment 

 
 

ESB-146/2006 Issue 3, May 2009  Appendix 4B - Page 8 

 

WSR ID# Description Easting Northing Reference 
Shortest Distances of 

the marine works to the 
identified WSRs (km) 

AO1 
Amphioxus Occurrence 

(historical record of summer 
survey) 

845317 813216 8 0.86  

AO2 
Amphioxus Occurrence 

(historical record of summer 
survey) 

856154 813007 8 1.07  

AO3 
Amphioxus Occurrence 

(historical record of summer 
survey) 

853915 817037 8 5.44  

AO4 
Amphioxus Occurrence 

(historical record of summer 
survey) 

858333 816947 8 4.83  

AO5 
Amphioxus Occurrence 

(historical record of summer 
survey and winter survey) 

858065 828456 8 16.00  

AO6 
Amphioxus Occurrence 

(historical record of winter 
survey) 

858214 824468 8 12.05  

AO7 
Amphioxus Occurrence 

(historical record of summer 
survey and winter survey) 

858101 830769 8 18.28  

AO8 
Amphioxus Occurrence (Yr 

2006 record of summer 
survey) 

849141 810418 9 0.21  

AO9 
Amphioxus Occurrence (Yr 

2006 record of summer 
survey) 

852924 811667 9 0.33  

Remarks: Reference 1: WSD Information; Reference 2:  Scott (2002), Hydrodynamic and Water Quality Modeling 
Services for Potential New Waste Disposal Sites – Final Water Quality and Hydrodynamic Assessment Report; 
Reference 3: AFCD’s comments; Reference 4: LCSD website; Reference 5: Binnie, Marine Ecology of Dive Survey; 
Reference 6: BMT, Benthic Epifauna – I; Reference 7: AFCD’s data; Reference 8: Historical data from BMT); 
Reference 9: 2006 survey data. 
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Allowable SS Elevations for the WSRs 
 
Dry Season 

Depth Average SS (mg/L) 

WSR 
Reference EPD 
Marine Water 

Monitoring Station Max Min Mean 

90%ile Depth 
Average 

30% 
Increase 

above 
Ambient 

Level 

AR1 MM8 15.17 1.30 4.63 7.48 2.24 

AR2 MM14 13.00 0.70 4.25 8.41 2.52 

CC1 MM8 15.17 1.30 4.63 7.48 2.24 

CC10 EM2 10.50 0.67 3.78 6.08 1.82 

CC11 JM4 38.70 1.07 5.36 7.47 2.24 

CC12 JM4 38.70 1.07 5.36 7.47 2.24 

CC26 JM4 38.70 1.07 5.36 7.47 2.24 

CC27 JM4 38.70 1.07 5.36 7.47 2.24 

CC13 PM8 6.90 0.80 2.51 5.12 1.54 

CC15 MM8 15.17 1.30 4.63 7.48 2.24 

CC16 MM14 13.00 0.70 4.25 8.41 2.52 

CC17 PM8 6.90 0.80 2.51 5.12 1.54 

CC18 MM14 13.00 0.70 4.25 8.41 2.52 

CC19 MM14 13.00 0.70 4.25 8.41 2.52 

CC2 MM8 15.17 1.30 4.63 7.48 2.24 

CC20 MM14 13.00 0.70 4.25 8.41 2.52 

CC4 MM8 15.17 1.30 4.63 7.48 2.24 

CC4 PM11 5.03 0.77 2.33 4.48 1.34 

CC5 PM11 5.03 0.77 2.33 4.48 1.34 

CC7 MM8 15.17 1.30 4.63 7.48 2.24 

AO8 MM8 15.17 1.30 4.63 7.48 2.24 
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Depth Average SS (mg/L) 

WSR 
Reference EPD 
Marine Water 

Monitoring Station Max Min Mean 

90%ile Depth 
Average 

30% 
Increase 

above 
Ambient 

Level 

CC8 EM2 10.50 0.67 3.78 6.08 1.82 

CC8 MM8 15.17 1.30 4.63 7.48 2.24 

CC9 EM2 10.50 0.67 3.78 6.08 1.82 

FCZ1 PM6 4.87 0.83 2.29 3.73 1.12 

FCZ2 PM7 14.40 0.53 2.69 5.20 1.56 

FCZ3 PM1 4.23 1.00 2.15 3.79 1.14 

FCZ3 PM4 11.40 0.83 2.81 4.14 1.24 

FCZ4 PM9 43.80 0.67 3.76 3.67 1.10 

FCZ5 PM8 6.90 0.80 2.51 5.12 1.54 

FCZ6 EM2 10.50 0.67 3.78 6.08 1.82 

FCZ7 PM4 11.40 0.83 2.81 4.14 1.24 

FP1 PM8 6.90 0.80 2.51 5.12 1.54 

FP2 MM8 15.17 1.30 4.63 7.48 2.24 

GB1 PM6 4.87 0.83 2.29 3.73 1.12 

GB2 PM8 6.90 0.80 2.51 5.12 1.54 

GB3 EM3 14.20 1.37 4.03 8.13 2.44 

GB3 PM7 14.40 0.53 2.69 5.20 1.56 

GB4 EM3 14.20 1.37 4.03 8.13 2.44 

GB6 EM3 14.20 1.37 4.03 8.13 2.44 

MM1 MM8 15.17 1.30 4.63 7.48 2.24 

MM2 MM13 19.33 0.97 5.08 9.97 2.99 

MM3 MM14 13.00 0.70 4.25 8.41 2.52 
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Depth Average SS (mg/L) 

WSR 
Reference EPD 
Marine Water 

Monitoring Station Max Min Mean 

90%ile Depth 
Average 

30% 
Increase 

above 
Ambient 

Level 

MM4 MM14 13.00 0.70 4.25 8.41 2.52 

MM5 MM14 13.00 0.70 4.25 8.41 2.52 

MM6 MM8 15.17 1.30 4.63 7.48 2.24 

MM7 MM13 19.33 0.97 5.08 9.97 2.99 

MM8 MM8 15.17 1.30 4.63 7.48 2.24 

MM9 MM8 15.17 1.30 4.63 7.48 2.24 

MP1 MM8 15.17 1.30 4.63 7.48 2.24 

MM11 MM8 15.17 1.30 4.63 7.48 2.24 

MM10 MM8 15.17 1.30 4.63 7.48 2.24 

AO9 MM8 15.17 1.30 4.63 7.48 2.24 

SW11 VM1 15.17 0.93 4.65 7.47 2.24 

SW12 EM2 10.50 0.67 3.78 6.08 1.82 

SW13 JM3 6.97 1.40 3.60 6.11 1.83 

SW14 VM1 15.17 0.93 4.65 7.47 2.24 

SW15 EM1 10.83 1.17 3.78 6.52 1.96 

SW16 PM1 4.23 1.00 2.15 3.79 1.14 

SW16 PM4 11.40 0.83 2.81 4.14 1.24 

SW17 EM1 10.83 1.17 3.78 6.52 1.96 

SW18 EM1 10.83 1.17 3.78 6.52 1.96 

SW19 EM3 14.20 1.37 4.03 8.13 2.44 
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Wet Season 
Depth Average SS (mg/L) 

WSR 

Reference 
EPD Marine 

Water 
Monitoring 

Station 
Max Min Mean 

90%ile Depth 
Average 

30% Increase 
above Ambient 

Level 

AR1 MM8 7.30 0.90 3.54 6.22 1.87 

AR2 MM14 9.00 0.80 3.35 6.12 1.84 

CC1 MM8 7.30 0.90 3.54 6.22 1.87 

CC10 EM2 22.93 1.30 4.33 6.07 1.82 

CC11 JM4 19.00 1.60 4.49 6.76 2.03 

CC12 JM4 19.00 1.60 4.49 6.76 2.03 

CC26 JM4 19.00 1.60 4.49 6.76 2.03 

CC27 JM4 19.00 1.60 4.49 6.76 2.03 

CC13 PM8 9.27 0.60 2.14 3.49 1.05 

CC15 MM8 7.30 0.90 3.54 6.22 1.87 

CC16 MM14 9.00 0.80 3.35 6.12 1.84 

CC17 PM8 9.27 0.60 2.14 3.49 1.05 

CC18 MM14 9.00 0.80 3.35 6.12 1.84 

CC19 MM14 9.00 0.80 3.35 6.12 1.84 

CC2 MM8 7.30 0.90 3.54 6.22 1.87 

CC20 MM14 9.00 0.80 3.35 6.12 1.84 

CC4 MM8 7.30 0.90 3.54 6.22 1.87 

CC4 PM11 8.17 0.60 2.19 4.06 1.22 

CC5 PM11 8.17 0.60 2.19 4.06 1.22 

CC7 MM8 7.30 0.90 3.54 6.22 1.87 

AO8 MM8 7.30 0.90 3.54 6.22 1.87 

CC8 EM2 22.93 1.30 4.33 6.07 1.82 
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Depth Average SS (mg/L) 

WSR 

Reference 
EPD Marine 

Water 
Monitoring 

Station 
Max Min Mean 

90%ile Depth 
Average 

30% Increase 
above Ambient 

Level 

CC8 MM8 7.30 0.90 3.54 6.22 1.87 

CC9 EM2 22.93 1.30 4.33 6.07 1.82 

FCZ1 PM6 12.67 0.73 2.19 3.37 1.01 

FCZ2 PM7 11.63 0.53 1.89 3.09 0.93 

FCZ3 PM1 10.63 0.73 2.21 3.43 1.03 

FCZ3 PM4 20.90 1.10 3.25 7.08 2.12 

FCZ4 PM9 8.77 0.73 2.19 4.21 1.26 

FCZ5 PM8 9.27 0.60 2.14 3.49 1.05 

FCZ6 EM2 22.93 1.30 4.33 6.07 1.82 

FCZ7 PM4 20.90 1.10 3.25 7.08 2.12 

FP1 PM8 9.27 0.60 2.14 3.49 1.05 

FP2 MM8 7.30 0.90 3.54 6.22 1.87 

GB1 PM6 12.67 0.73 2.19 3.37 1.01 

GB2 PM8 9.27 0.60 2.14 3.49 1.05 

GB3 EM3 25.33 1.10 3.94 4.82 1.45 

GB3 PM7 11.63 0.53 1.89 3.09 0.93 

GB4 EM3 25.33 1.10 3.94 4.82 1.45 

GB6 EM3 25.33 1.10 3.94 4.82 1.45 

MM1 MM8 7.30 0.90 3.54 6.22 1.87 

MM2 MM13 71.30 1.07 5.11 5.59 1.68 

MM3 MM14 9.00 0.80 3.35 6.12 1.84 

MM4 MM14 9.00 0.80 3.35 6.12 1.84 
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Depth Average SS (mg/L) 

WSR 

Reference 
EPD Marine 

Water 
Monitoring 

Station 
Max Min Mean 

90%ile Depth 
Average 

30% Increase 
above Ambient 

Level 

MM5 MM14 9.00 0.80 3.35 6.12 1.84 

MM6 MM8 7.30 0.90 3.54 6.22 1.87 

MM7 MM13 71.30 1.07 5.11 5.59 1.68 

MM8 MM8 7.30 0.90 3.54 6.22 1.87 

MM9 MM8 7.30 0.90 3.54 6.22 1.87 

MP1 MM8 7.30 0.90 3.54 6.22 1.87 

MM11 MM8 7.30 0.90 3.54 6.22 1.87 

MM10 MM8 7.30 0.90 3.54 6.22 1.87 

AO9 MM8 7.30 0.90 3.54 6.22 1.87 

SW11 VM1 18.00 2.10 6.23 10.14 3.04 

SW12 EM2 22.93 1.30 4.33 6.07 1.82 

SW13 JM3 8.37 0.90 3.12 4.61 1.38 

SW14 VM1 18.00 2.10 6.23 10.14 3.04 

SW15 EM1 12.33 1.77 4.09 7.43 2.23 

SW16 PM1 10.63 0.73 2.21 3.43 1.03 

SW16 PM4 20.90 1.10 3.25 7.08 2.12 

SW17 EM1 12.33 1.77 4.09 7.43 2.23 

SW18 EM1 12.33 1.77 4.09 7.43 2.23 

SW19 EM3 25.33 1.10 3.94 4.82 1.45 
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Appendix 4E – Elutriate Test Results 
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Parameter Sampling 
Location Sampling Depth Background 

Level (mg/L) 
Laboratory 

Result (mg/L)
S1B-1 0.0-0.9M 0.06 3.84 

S1B-2 1.0-1.9M 0.06 2.42 

S1B-3 2.0-2.9M 0.06 0.82 

S1B-4 3.0-3.9M 0.06 0.87 

S2-1 0.0-0.9M 0.06 0.9 

S2-2 1.0-1.9M 0.06 0.72 

S2-3 2.0-2.9M 0.06 0.72 

S2-4 3.0-3.9M 0.06 2.15 

S3-1 0.0-0.9M 0.05 0.94 

S3-2 1.0-1.9M 0.05 1.08 

S3-3 2.0-2.9M 0.05 1.15 

Ammonia as N 

S3-4 3.0-3.9M 0.05 1.41 

S1B-1 0.0-0.9M 0.02 <0.01 

S1B-2 1.0-1.9M 0.02 <0.01 

S1B-3 2.0-2.9M 0.02 <0.01 

S1B-4 3.0-3.9M 0.02 <0.01 

S2-1 0.0-0.9M 0.02 <0.01 

S2-2 1.0-1.9M 0.02 <0.01 

S2-3 2.0-2.9M 0.02 <0.01 

S2-4 3.0-3.9M 0.02 <0.01 

S3-1 0.0-0.9M 0.01 <0.01 

S3-2 1.0-1.9M 0.01 <0.01 

S3-3 2.0-2.9M 0.01 <0.01 

Nitrite as N 

S3-4 3.0-3.9M 0.01 <0.01 

S1B-1 0.0-0.9M 0.07 <0.01 

S1B-2 1.0-1.9M 0.07 <0.01 

S1B-3 2.0-2.9M 0.07 <0.01 

S1B-4 3.0-3.9M 0.07 <0.01 

S2-1 0.0-0.9M 0.07 <0.01 

S2-2 1.0-1.9M 0.07 <0.01 

S2-3 2.0-2.9M 0.07 <0.01 

S2-4 3.0-3.9M 0.07 <0.01 

S3-1 0.0-0.9M 0.01 <0.01 

S3-2 1.0-1.9M 0.01 <0.01 

S3-3 2.0-2.9M 0.01 <0.01 

Nitrate as N 

S3-4 3.0-3.9M 0.01 <0.01 

S1B-1 0.0-0.9M 0.1 0.69 

S1B-2 1.0-1.9M 0.1 0.37 

S1B-3 2.0-2.9M 0.1 0.84 

S1B-4 3.0-3.9M 0.1 0.54 

S2-1 0.0-0.9M 0.1 0.54 

S2-2 1.0-1.9M 0.1 0.52 

S2-3 2.0-2.9M 0.1 0.44 

S2-4 3.0-3.9M 0.1 0.86 

S3-1 0.0-0.9M 0.11 0.68 

Organic Nitrogen 
as N 

S3-2 1.0-1.9M 0.11 0.46 
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S3-3 2.0-2.9M 0.11 0.57 

S3-4 3.0-3.9M 0.11 0.7 

S1B-1 0.0-0.9M 0.17 4.53 

S1B-2 1.0-1.9M 0.17 2.79 

S1B-3 2.0-2.9M 0.17 1.66 

S1B-4 3.0-3.9M 0.17 1.41 

S2-1 0.0-0.9M 0.17 1.44 

S2-2 1.0-1.9M 0.17 1.24 

S2-3 2.0-2.9M 0.17 1.16 

S2-4 3.0-3.9M 0.17 3.01 

S3-1 0.0-0.9M 0.15 1.62 

S3-2 1.0-1.9M 0.15 1.54 

S3-3 2.0-2.9M 0.15 1.72 

Total Kjeldahl 
Nitrogen as N 

S3-4 3.0-3.9M 0.15 2.11 

S1B-1 0.0-0.9M 0.16 3.84 

S1B-2 1.0-1.9M 0.16 2.42 

S1B-3 2.0-2.9M 0.16 0.96 

S1B-4 3.0-3.9M 0.16 0.9 

S2-1 0.0-0.9M 0.16 0.9 

S2-2 1.0-1.9M 0.16 0.72 

S2-3 2.0-2.9M 0.16 0.72 

S2-4 3.0-3.9M 0.16 2.15 

S3-1 0.0-0.9M 0.12 0.94 

S3-2 1.0-1.9M 0.12 1.08 

S3-3 2.0-2.9M 0.12 1.15 

Total Inorganic 
Nitrogen 

S3-4 3.0-3.9M 0.12 1.41 

S1B-1 0.0-0.9M 0.56 8.0 

S1B-2 1.0-1.9M 0.56 6.0 

S1B-3 2.0-2.9M 0.56 6.0 

S1B-4 3.0-3.9M 0.56 6.0 

S2-1 0.0-0.9M 0.56 <2 

S2-2 1.0-1.9M 0.56 5.0 

S2-3 2.0-2.9M 0.56 2.0 

S2-4 3.0-3.9M 0.56 2.0 

S3-1 0.0-0.9M 0.54 5.0 

S3-2 1.0-1.9M 0.54 5.0 

S3-3 2.0-2.9M 0.54 7.0 

Biochemical 
Oxygen Demand 

S3-4 3.0-3.9M 0.54 7.0 

Note: 1. Water quality data from EPD Marine Water Sampling Stations nearest to the sediment 
sampling locations were used to represent the background levels. 
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Parameter Sampling 
Location

Sampling 
Depth 

Background 
Level (mg/L) 

Laboratory Result 
(mg/L) 

S4-1 0.0-0.9M 0.02 1.04 

S4-2 1.0-1.9M 0.02 3.82 

S4-3 2.0-2.9M 0.02 2.88 

S4-4 3.0-3.9M 0.02 4.5 

S5-1 0.0-0.9M 0.02 2.94 

S5-2 1.0-1.9M 0.02 3.32 

S5-3 2.0-2.9M 0.02 4.06 

S5-4 3.0-3.9M 0.02 3.47 

S6-1 0.0-0.9M 0.02 4.14 

S6-2 1.0-1.9M 0.02 4.74 

S6-3 2.0-2.9M 0.02 2.05 

S6-4 3.0-5.9M 0.02 4.04 

S6-5 6.0-8.9M 0.02 2.04 

S7-1 0.0-0.9M 0.02 1.01 

S7-2 1.0-1.9M 0.02 1.63 

S7-3 2.0-2.9M 0.02 2.03 

S7-4 3.0-5.9M 0.02 2.43 

S7-5 6.0-8.9M 0.02 2.01 

Ammonia as N 

S7-6 9.0-12.0M 0.02 1.92 

S4-1 0.0-0.9M 0.02 <0.01 

S4-2 1.0-1.9M 0.02 <0.01 

S4-3 2.0-2.9M 0.02 <0.01 

S4-4 3.0-3.9M 0.02 <0.01 

S5-1 0.0-0.9M 0.02 <0.01 

S5-2 1.0-1.9M 0.02 <0.01 

S5-3 2.0-2.9M 0.02 <0.01 

S5-4 3.0-3.9M 0.02 <0.01 

S6-1 0.0-0.9M 0.01 <0.01 

S6-2 1.0-1.9M 0.01 <0.01 

S6-3 2.0-2.9M 0.01 <0.01 

S6-4 3.0-5.9M 0.01 <0.01 

S6-5 6.0-8.9M 0.01 <0.01 

S7-1 0.0-0.9M 0.01 <0.01 

S7-2 1.0-1.9M 0.01 <0.01 

S7-3 2.0-2.9M 0.01 <0.01 

S7-4 3.0-5.9M 0.01 <0.01 

S7-5 6.0-8.9M 0.01 <0.01 

Nitrite as N 

S7-6 9.0-12.0M 0.01 <0.01 

S4-1 0.0-0.9M 0.06 <0.01 

S4-2 1.0-1.9M 0.06 0.01 

S4-3 2.0-2.9M 0.06 0.06 

S4-4 3.0-3.9M 0.06 <0.01 

S5-1 0.0-0.9M 0.06 0.02 

S5-2 1.0-1.9M 0.06 0.03 

Nitrate as N 

S5-3 2.0-2.9M 0.06 0.03 
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Parameter Sampling 
Location

Sampling 
Depth 

Background 
Level (mg/L) 

Laboratory Result 
(mg/L) 

S5-4 3.0-3.9M 0.06 0.02 

S6-1 0.0-0.9M 0.06 <0.01 

S6-2 1.0-1.9M 0.06 <0.01 

S6-3 2.0-2.9M 0.06 <0.01 

S6-4 3.0-5.9M 0.06 <0.01 

S6-5 6.0-8.9M 0.06 <0.01 

S7-1 0.0-0.9M 0.05 <0.01 

S7-2 1.0-1.9M 0.05 0.02 

S7-3 2.0-2.9M 0.05 <0.01 

S7-4 3.0-5.9M 0.05 <0.01 

S7-5 6.0-8.9M 0.05 <0.01 

S7-6 9.0-12.0M 0.05 <0.01 

S4-1 0.0-0.9M 0.09 1.16 

S4-2 1.0-1.9M 0.09 0.44 

S4-3 2.0-2.9M 0.09 0.23 

S4-4 3.0-3.9M 0.09 0.06 

S5-1 0.0-0.9M 0.09 0.24 

S5-2 1.0-1.9M 0.09 0.31 

S5-3 2.0-2.9M 0.09 0.69 

S5-4 3.0-3.9M 0.09 0.25 

S6-1 0.0-0.9M 0.08 1.33 

S6-2 1.0-1.9M 0.08 0.68 

S6-3 2.0-2.9M 0.08 0.03 

S6-4 3.0-5.9M 0.08 0.15 

S6-5 6.0-8.9M 0.08 1.31 

S7-1 0.0-0.9M 0.09 0.52 

S7-2 1.0-1.9M 0.09 0.42 

S7-3 2.0-2.9M 0.09 0.26 

S7-4 3.0-5.9M 0.09 0.82 

S7-5 6.0-8.9M 0.09 0.61 

Organic Nitrogen 
as N 

S7-6 9.0-12.0M 0.09 1.27 

S4-1 0.0-0.9M 0.11 2.2 

S4-2 1.0-1.9M 0.11 4.26 

S4-3 2.0-2.9M 0.11 3.11 

S4-4 3.0-3.9M 0.11 4.56 

S5-1 0.0-0.9M 0.11 3.18 

S5-2 1.0-1.9M 0.11 3.63 

S5-3 2.0-2.9M 0.11 4.75 

S5-4 3.0-3.9M 0.11 3.72 

S6-1 0.0-0.9M 0.10 5.47 

S6-2 1.0-1.9M 0.10 5.42 

S6-3 2.0-2.9M 0.10 2.08 

S6-4 3.0-5.9M 0.10 4.19 

S6-5 6.0-8.9M 0.10 3.35 

S7-1 0.0-0.9M 0.10 1.53 

Total Kjeldahl 
Nitrogen as N 

S7-2 1.0-1.9M 0.10 2.05 
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Parameter Sampling 
Location

Sampling 
Depth 

Background 
Level (mg/L) 

Laboratory Result 
(mg/L) 

S7-3 2.0-2.9M 0.10 2.29 

S7-4 3.0-5.9M 0.10 3.25 

S7-5 6.0-8.9M 0.10 2.62 

S7-6 9.0-12.0M 0.10 3.19 

S4-1 0.0-0.9M 0.09 1.04 

S4-2 1.0-1.9M 0.09 3.83 

S4-3 2.0-2.9M 0.09 2.94 

S4-4 3.0-3.9M 0.09 4.5 

S5-1 0.0-0.9M 0.09 2.96 

S5-2 1.0-1.9M 0.09 3.35 

S5-3 2.0-2.9M 0.09 4.09 

S5-4 3.0-3.9M 0.09 3.49 

S6-1 0.0-0.9M 0.08 4.14 

S6-2 1.0-1.9M 0.08 4.74 

S6-3 2.0-2.9M 0.08 2.05 

S6-4 3.0-5.9M 0.08 4.04 

S6-5 6.0-8.9M 0.08 2.04 

S7-1 0.0-0.9M 0.07 1.01 

S7-2 1.0-1.9M 0.07 1.65 

S7-3 2.0-2.9M 0.07 2.03 

S7-4 3.0-5.9M 0.07 2.43 

S7-5 6.0-8.9M 0.07 2.01 

Total Inorganic 
Nitrogen 

S7-6 9.0-12.0M 0.07 1.92 

S4-1 0.0-0.9M 0.51 3.7 

S4-2 1.0-1.9M 0.51 4.3 

S4-3 2.0-2.9M 0.51 6.6 

S4-4 3.0-3.9M 0.51 5.7 

S5-1 0.0-0.9M 0.51 0.6 

S5-2 1.0-1.9M 0.51 0.6 

S5-3 2.0-2.9M 0.51 0.4 

S5-4 3.0-3.9M 0.51 0.3 

S6-1 0.0-0.9M 0.50 2.1 

S6-2 1.0-1.9M 0.50 0.5 

S6-3 2.0-2.9M 0.50 0.4 

S6-4 3.0-5.9M 0.50 0.4 

S6-5 6.0-8.9M 0.50 0.8 

S7-1 0.0-0.9M 0.56 6.2 

S7-2 1.0-1.9M 0.56 6.7 

S7-3 2.0-2.9M 0.56 3 

S7-4 3.0-5.9M 0.56 7.1 

S7-5 6.0-8.9M 0.56 7.5 

Biochemical 
Oxygen Demand 

S7-6 9.0-12.0M 0.56 7 

Note: 1. Water quality data from EPD Marine Water Sampling Stations nearest to the 
sediment sampling locations were used to represent the background levels. 
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Appendix 4D Predicted Water Quality Results for Unmitigated Scenario 
– Offshore Wind Farm Project 
 
Scenario 1 – Unmitigated Scenario 

Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (g/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0.14 0.002 0 0.13 0.002 5.616 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.50 0.008 35.4 2.97 0.048 128.3 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (g/m2/d)

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.50 0.008 35.9 3.03 0.048 130.9 

CC27 0.23 0 0 4.79 0.077 206.9 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (g/m2/d)

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.18 0.035 113.2 1.25 0.02 54 

AO9 0 0 0 0 0 0 
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Scenario 2 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0 0 0 0 0 0 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.50 0.008 35.9 3.03 0.048 130.9 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.09 0.001 3.9 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 3 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 5.44 0.087 248.4 10.26 0.164 443.2 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.18 0.035 113.184 1.25 0.02 54 

AO9 0 0 0 0 0 0 
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Scenario 4 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 4.93 0.079 213.0 7.29 0.117 314.9 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.09 0.001 3.9 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 5 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 4.93 0.079 213.0 7.29 0.117 314.9 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0 0 0 0 0 0 
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Appendix 4F Predicted Water Quality Results – Cumulative Impacts 
  
 
Scenario 1 – Unmitigated Scenario 

Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (g/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0.14 0.002 0 0.13 0.002 5.616 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.50 0.008 35.4 2.97 0.048 128.3 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (g/m2/d)

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.50 0.008 35.9 3.03 0.048 130.9 

CC27 0.23 0 0 4.79 0.077 206.9 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (g/m2/d)

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.18 0.035 113.2 1.25 0.02 54 

AO9 0 0 0 0 0 0 
 
 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 
 

ESB-146/2006 Issue 3, May 2009  Appendix 4F       P. 4 

 

 

Scenario 1 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 
SWI2 0 0 0 0 0 0 
SWI3 0 0 0 0.13 0.002 5.6 
SWI4 0 0 0 0 0 0 
SWI5 0 0 0 0 0 0 
SWI6 0 0 0 0 0 0 
SWI7 0 0 0 0 0 0 
SWI8 0 0 0 0 0 0 
SWI9 0 0 0 0 0 0 
FCZ1 0 0 0 0 0 0 
FCZ2 0 0 0 0 0 0 
FCZ3 0 0 0 0 0 0 
FCZ4 0 0 0 0 0 0 
FCZ5 0 0 0 0 0 0 
FCZ6 0 0 0 0 0 0 
FCZ7 0 0 0 0 0 0 
GB1 0 0 0 0 0 0 
GB2 0 0 0 0 0 0 
GB3 0 0 0 0 0 0 
GB4 0 0 0 0 0 0 
GB5 0 0 0 0 0 0 
GB6 0 0 0 0 0 0 
CC1 0 0 0 0 0 0 
CC2 0 0 0 0 0 0 
CC3 0 0 0 0 0 0 
CC4 0 0 0 0 0 0 
CC5 0 0 0 0 0 0 
CC6 0 0 0 0 0 0 
CC7 0 0 0 0 0 0 
CC8 0 0 0 0 0 0 
CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 
CC11 0 0 0 0.02 0 0.864 
CC12 0 0 0 0 0 0 
CC13 0 0 0 0 0 0 
CC14 0 0 0 0 0 0 
CC15 0 0 0 0 0 0 
CC16 0 0 0 0 0 0 
CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC18 0 0 0 0 0 0 
CC19 0 0 0 0 0 0 
CC20 0 0 0 0 0 0 
CC21 0 0 0 0 0 0 
CC22 0 0 0 0 0 0 
CC23 0 0 0 0 0 0 
CC24 0 0 0 0 0 0 
CC25 0 0 0 0 0 0 
CC26 0.18 0.003 7.8 0.91 0.015 39.3 
CC27 0 0 0 0.94 0.015 40.6 
CC28 0 0 0 0 0 0 
CC29 0 0 0 0 0 0 
CC30 0 0 0 0 0 0 
CC31 0 0 0 0 0 0 
CC32 0 0 0 0 0 0 
CC33 0 0 0 0 0 0 
CC34 0 0 0 0 0 0 
CC35 0 0 0 0 0 0 
CC36 0 0 0 0 0 0 
CC37 0 0 0 0 0 0 
CC38 0 0 0 0 0 0 
CC39 0 0 0 0 0 0 
CC40 0 0 0 0 0 0 
CC41 0 0 0 0 0 0 
CC42 0 0 0 0 0 0 
CC43 0 0 0 0 0 0 
CC44 0 0 0 0 0 0 
CC45 0 0 0 0 0 0 
CC46 0 0 0 0 0 0 
CC47 0 0 0 0 0 0 
CC48 0 0 0 0 0 0 
CC49 0 0 0 0 0 0 
CC50 0 0 0 0 0 0 
FP1 0 0 0 0 0 0 
FP2 0 0 0 0 0 0 
FP3 0 0 0 0 0 0 
AR1 0 0 0 0 0 0 
AR2 0 0 0 0 0 0 
MM1 0 0 0 0 0 0 
MM2 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM3 0 0 0 0 0 0 
MM4 0 0 0 0 0 0 
MM5 0 0 0 0 0 0 
MM6 0 0 0 0 0 0 
MM7 0 0 0 0 0 0 
MM8 0 0 0 0 0 0 
MM9 0 0 0 0 0 0 
MM10 0 0 0 0 0 0 
MM11 0 0 0 0 0 0 
MM12 0 0 0 0 0 0 
MM13 0 0 0 0 0 0 
MM14 0 0 0 0 0 0 
MM15 0 0 0 0 0 0 
MM16 0 0 0 0 0 0 
MM17 0 0 0 0 0 0 
MM18 0 0 0 0 0 0 
MM19 0 0 0 0 0 0 
MM20 0 0 0 0 0 0 
MM21 0 0 0 0 0 0 
MM22 0 0 0 0 0 0 
MM23 0 0 0 0 0 0 
MM24 0 0 0 0 0 0 
AO1 0 0 0 0 0 0 
AO2 0 0 0 0 0 0 
AO3 0 0 0 0 0 0 
AO4 0 0 0 0 0 0 
AO5 0 0 0 0 0 0 
AO6 0 0 0 0 0 0 
AO7 0 0 0 0 0 0 
AO8 2.18 0.042 113.2 1.25 0.02 54 
AO9 0 0 0 0 0 0 
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Scenario 2 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0 0 0 0 0 0 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.50 0.008 35.9 3.03 0.048 130.9 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.26 0.004 11.2 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 2 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0 0 0 0 0 0 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.18 0.003 7.8 0.91 0.015 39.3 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.26 0.004  11.2  0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 3 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 5.44 0.087 248.4 10.26 0.164 443.2 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.18 0.035 113.184 1.25 0.02 54 

AO9 0 0 0 0 0 0 
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Scenario 3 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.6 0.010 25.9 0.8 0.013 34.6 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.62 0.042 113.2 1.25 0.02 54 

AO9 0 0 0 0 0 0 
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Scenario 4 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 4.93 0.079 213.0 7.29 0.117 314.9 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.09 0.001 3.9 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 4 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.6 0.010 25.9 0.77 0.012 33.3 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate (kg/m2/d)

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.09 0.001 3.9 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 5 – Unmitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 4.93 0.079 213.0 7.29 0.117 314.9 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0 0 0 0 0 0 
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Scenario 5 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.6 0.010 25.9 0.77 0.012 33.3 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition 

Rate 
(kg/m2/d) 

Max SS 
(mg/L) 

DO 
Depletion 

(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0 0 0 0 0 0 
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Appendix 4G Predicted Water Quality Results for Mitigated Scenarios – 
Offshore Wind Farm Project 
 
Scenario 1 – Mitigated Scenario 

Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0.13 0.002 5.6 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0 0 0 0.02 0 0.864 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.18 0.003 7.8 0.91 0.015 39.3 

CC27 0 0 0 0.94 0.015 40.6 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(g/m2/d) 

MM6 0 0 0 0 0 0 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.18 0.042 113.2 1.25 0.02 54 

AO9 0 0 0 0 0 0 
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Scenario 2 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0 0 0 0 0 0 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0.18 0.003 7.8 0.91 0.01456 39.312 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 
 

ESB-146/2006 Issue 3, May 2009 Appendix 4G 

 

 

Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.00512 13.824 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.09 0.001 3.9 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.00576 15.552 
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Scenario 3 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.6 0.010 25.9 0.8 0.013 34.6 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 2.62 0.042 113.2 1.25 0.02 54 

AO9 0 0 0 0 0 0 
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Scenario 4 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.6 0.010 25.9 0.77 0.012 33.3 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0.32 0.005 13.8 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0.09 0.001 3.9 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0.46 0.007 19.9 0.36 0.006 15.6 
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Scenario 5 – Mitigated Scenario 
Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

SWI1 0 0 0 0 0 0 

SWI2 0 0 0 0 0 0 

SWI3 0 0 0 0 0 0 

SWI4 0 0 0 0 0 0 

SWI5 0 0 0 0 0 0 

SWI6 0 0 0 0 0 0 

SWI7 0 0 0 0 0 0 

SWI8 0 0 0 0 0 0 

SWI9 0 0 0 0 0 0 

FCZ1 0 0 0 0 0 0 

FCZ2 0 0 0 0 0 0 

FCZ3 0 0 0 0 0 0 

FCZ4 0 0 0 0 0 0 

FCZ5 0 0 0 0 0 0 

FCZ6 0 0 0 0 0 0 

FCZ7 0 0 0 0 0 0 

GB1 0 0 0 0 0 0 

GB2 0 0 0 0 0 0 

GB3 0 0 0 0 0 0 

GB4 0 0 0 0 0 0 

GB5 0 0 0 0 0 0 

GB6 0 0 0 0 0 0 

CC1 0 0 0 0 0 0 

CC2 0 0 0 0 0 0 

CC3 0 0 0 0 0 0 

CC4 0 0 0 0 0 0 

CC5 0 0 0 0 0 0 

CC6 0 0 0 0 0 0 

CC7 0 0 0 0 0 0 

CC8 0 0 0 0 0 0 

CC9 0 0 0 0 0 0 

CC10 0 0 0 0 0 0 

CC11 0.6 0.010 25.9 0.77 0.012 33.3 

CC12 0 0 0 0 0 0 

CC13 0 0 0 0 0 0 

CC14 0 0 0 0 0 0 

CC15 0 0 0 0 0 0 

CC16 0 0 0 0 0 0 

CC17 0 0 0 0 0 0 

CC18 0 0 0 0 0 0 

CC19 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

CC20 0 0 0 0 0 0 

CC21 0 0 0 0 0 0 

CC22 0 0 0 0 0 0 

CC23 0 0 0 0 0 0 

CC24 0 0 0 0 0 0 

CC25 0 0 0 0 0 0 

CC26 0 0 0 0 0 0 

CC27 0 0 0 0 0 0 

CC28 0 0 0 0 0 0 

CC29 0 0 0 0 0 0 

CC30 0 0 0 0 0 0 

CC31 0 0 0 0 0 0 

CC32 0 0 0 0 0 0 

CC33 0 0 0 0 0 0 

CC34 0 0 0 0 0 0 

CC35 0 0 0 0 0 0 

CC36 0 0 0 0 0 0 

CC37 0 0 0 0 0 0 

CC38 0 0 0 0 0 0 

CC39 0 0 0 0 0 0 

CC40 0 0 0 0 0 0 

CC41 0 0 0 0 0 0 

CC42 0 0 0 0 0 0 

CC43 0 0 0 0 0 0 

CC44 0 0 0 0 0 0 

CC45 0 0 0 0 0 0 

CC46 0 0 0 0 0 0 

CC47 0 0 0 0 0 0 

CC48 0 0 0 0 0 0 

CC49 0 0 0 0 0 0 

CC50 0 0 0 0 0 0 

FP1 0 0 0 0 0 0 

FP2 0 0 0 0 0 0 

FP3 0 0 0 0 0 0 

AR1 0 0 0 0 0 0 

AR2 0 0 0 0 0 0 

MM1 0 0 0 0 0 0 

MM2 0 0 0 0 0 0 

MM3 0 0 0 0 0 0 

MM4 0 0 0 0 0 0 

MM5 0 0 0 0 0 0 

MM6 0 0 0 0 0 0 
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Dry Season Wet Season 

WSR Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

Max SS 
(mg/L) 

DO Depletion 
(mg/L) 

Sediment 
Deposition Rate 

(kg/m2/d) 

MM7 0 0 0 0 0 0 

MM8 0 0 0 0 0 0 

MM9 0 0 0 0 0 0 

MM10 0 0 0 0 0 0 

MM11 0 0 0 0 0 0 

MM12 0 0 0 0 0 0 

MM13 0 0 0 0 0 0 

MM14 0 0 0 0 0 0 

MM15 0 0 0 0 0 0 

MM16 0 0 0 0 0 0 

MM17 0 0 0 0 0 0 

MM18 0 0 0 0 0 0 

MM19 0 0 0 0 0 0 

MM20 0 0 0 0 0 0 

MM21 0 0 0 0 0 0 

MM22 0 0 0 0 0 0 

MM23 0 0 0 0 0 0 

MM24 0 0 0 0 0 0 

AO1 0 0 0 0 0 0 

AO2 0 0 0 0 0 0 

AO3 0 0 0 0 0 0 

AO4 0 0 0 0 0 0 

AO5 0 0 0 0 0 0 

AO6 0 0 0 0 0 0 

AO7 0 0 0 0 0 0 

AO8 0 0 0 0 0 0 

AO9 0 0 0 0 0 0 
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1 Purpose & Scope 
This draft plan defines the preliminary requirements for effective emergency 
preparedness and response, specifically with respect to oil spills.  The purpose of 
the report is to act as a foundation for future stakeholder development.   

This plan establishes the procedures for activation and operation of the Project 
Emergency Management Team in order to: 

 Ensure that care/treatment is provided for any injuries, illness or loss, 

 Prevent escalation of the incident, 

 Provide timely & accurate information to stakeholders (including 
Regulatory Authorities, Public and other concerned parties), and 

 Effectively manage post oil spill recovery 
 

This plan is applicable to all Project personnel, including employees, Contractors, 
Subcontractors and site visitors, when performing tasks and activities on behalf of 
the Project or Company (including travel to and from the work site). 

This plan is also applicable to all plant, tools, equipment and facilities utilised for 
and on behalf the Project, whether owned, hired, leased or borrowed by the 
Project, its employees, contractors, subcontractors or visitors. 
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2 Site Characteristics 
The Hong Kong Offshore Wind Farm is sited in the south-eastern waters of the 
HKSAR.  The following figure illustrates the location of turbines: 

Figure 2.1 Location of Hong Kong Offshore Wind Farm 

 
 

The Project components are anticipated to include: 

 Up to 67 wind turbines; 

 An offshore transformer platform; 

 Sub sea collection and transmission cables; 

 Research Mast 
 

The offshore wind farm will be linked by sub sea cables that collect electricity from 
the various turbines, and via an offshore transformer, for transmission to shore. 
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3 Emergency Response Overview 
 

The Hong Kong Offshore Wind Farm in south-eastern Waters operates within the 
overall framework of an Emergency Response process.   

 

Figure 3.1 Emergency Response Plan Process ‘Procedure’ Flowchart 
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4 Definitions 
 

Term Definition 

Communication Teams 
(ComT) 

Provides administrative support to the EMT to maintain a written record 
of all communication and actions during the course of the emergency 
including the termination, final report and remedial actions. 

Contractor 
Contractors, Contractor management and supervision, Contractor 
employees, subcontractors, Vendors and Suppliers assigned to carry 
out Contract works on the Project. 

Emergency 

An abnormal event (or series of events), a significant incident or a set 
of circumstances that has the potential to disrupt the normal work 
routine and/or cause an adverse impact on people, the environment, 
community, assets or reputation of the Project.  

Emergency Management 
(EM) 

A program to control the consequences (human, operational, 
environmental, legal, financial and assets) of an emergency. It 
incorporates both the emergency response to the triggering incident 
and the functions required to support the emergency response.  It is 
also concerned with any adverse impact to the Project’s reputation, 
operability and liabilities. 

Emergency Management 
Centre (EMC) 

The Wind Farm Control Centre is designated the EMC; It shall be 
provided with necessary and sufficient documents and equipment to 
execute the duties of the Emergency Response Team, in particular 
with respect to liaison with Marine Department Maritime Rescue 
Coordination Centre. 

Emergency Management 
Team (EMT) 

A team, fully responsible for the ‘Emergency Management’ of the 
incident. 

Emergency Support Team 
(EST) 

Staff supported by coopted personnel assigned with specific duties to 
offer assistance in handling any emergency when called upon. 

Emergency Response & 
Rescue Vessel (ERRV) 

The multi role Wind Farm maintenance and 1st response vessels 
operated for to maintain safe and efficient operations at site.   The 
ERRV is the location at the emergency site from which response is 
exercised and the location of the Incident Commander (IC) who is in 
direct control of the response.   

Emergency Response (EC) 

Actions taken at the scene of a physical incident to preserve lives and 
property; restore/maintain operations and protect the environment.  It 
also encompasses the direction, provision of resources and direct 
support of these actions and external communications and notifications 
of a reactive and urgent nature. 

Emergency Response 
Team (ERT) 

A water borne team, under the direction of the IC, responsible for the 
direct and immediate response to incidents at the scene. 

Incident Commander (IC) 

The Incident Commander is the ERRV vessel master. He is 
responsible for the management of incident activities and has overall 
command, control and co-ordination of the ERRV and its role in the 
immediate site emergency response. 
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4.1 External Emergency Services 

External Emergency Services (e.g. Marine Department, Marine Police, Fire and 
Rescue, Ambulance, Regulatory Agencies) have legislative authority to control 
specific incidents and emergencies active within the Project sites. 

The Project Emergency Response Plan shall be integrated with those of external 
emergency services where there is an interface.  In all circumstances the project 
EMT will support the role of the External Emergency Services; these include: 

 

Marine Department Maritime Rescue Coordination Centre (MRCC) 

Hong Kong Maritime Rescue Coordination Centre (MRCC) is responsible to co-
ordinate all maritime search and rescue (SAR) in international waters of South 
China Sea, bounded by Latitude 10° North and Longitude 120° East. In response 
to the report of an Incident MRCC will initiate a series of basic rescue control and 
co-ordination functions. Initially the centre will investigate and verify the reported 
distress to determine if an SAR response is needed. If the need is validated, 
efforts will be directed towards determining the type of assistance required, taking 
into consideration such variables as the nature of the distress, and the availability 
of SAR resources.  

Once the need for a SAR response has been verified and the type of response 
selected, an SAR plan will be developed.  MRCC officers will then co-ordinate 
SAR resources to execute the SAR plan. They will be fully engaged in tracking 
the progress of each resource responding to the mission, updating participants on 
any changes to the distress situation, coordinating support requirements and 
documenting all activities associated with the mission. When all rescue activities 
have terminated, a report on the mission will be submitted to the Director of 
Marine.  

For SAR cases within Hong Kong waters, Hong Kong MRCC will draw resources 
from Government Flying Service (GFS), Hong Kong Marine Police (Marpol) and 
Fire Services Department (FSD).   Within or adjacent to the Wind Farm site the 
resource capability of the ERRV vessel may also be available. 

HK MRCC operates 24 hours a day with a Marine Officer, a Marine Inspector and 
a GMDSS Operator on duty all the time.  

 

Hong Kong Marine Police  

The Hong Police provides services including: 

 Maintaining law and order, 

 Protecting life and property, 
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 Conducting marine and road control operations, 

 Overseeing the conducting of external site evacuations, 

 Ensuring all casualties are registered, 

 Securing evacuated off site areas, and 

 Recovering bodies and identifying the deceased. 
 

Ambulance Service 

 The Ambulance Service provides care services for the local Project community 
including treatment and transport for sick and injured persons to hospital. 

 

Fire Service Department (FSD) 

FSD provides services including: 

 Dealing with outbreaks of fire and the provision of the Ambulance Service, 

 Diving Rescue Unit  

 Rescuing persons trapped by fire, 

 Dealing with hazardous materials incidents, and 

 Providing fire protection for vehicle accidents and rescue operations. 
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5 Project Emergency Management Team 
(EMT) 
 

5.1 EMT Key Roles & Responsibilities 

The key roles and responsibilities of the EMT are to: 

 Provide strategic decision, advice and arrange resources to the ERT 
(including additional resources, specialist staff, mobilization of equipment 
etc.), 

 Shield the IC from non-essential external communications, 

 Manage the media and any public enquiry (through Public Affairs 
Manager),  

 Manage human resource issues, 

 Provide logistics and technical support, 

 Provide and update information to the IC, 

 Co-ordinate follow up /feedback to Government, law enforcement, 
emergency services and other external parties, 

 Manage the on-going situation, develop recovery and reconstruction plans, 

 Collect and incorporate relevant post emergency reports for 
recommending and endorsing continuous improvement and/or lessons 
learnt. 
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5.2 EMT Composition 

The composition of EMT for the Offshore Wind Farm Project is outlined below: 

 

Role Composition 

EMT Team Duty Wind Farm Manager 

Duty Wind Farm Operator(s) 

Public Information Officer  

Liaison Officer  

Logistics & External Support Team Project Manager  

External Resources: 

 Marine Department 

 Police 

 Fire & Rescue 

 Ambulance 

Technical Services 

Resources Support 

Communications Resources Support 

 

Operation of the EMT should be flexible to meet the resources available, 
particularly in the first hour after mobilization.   Since some EMT members may be 
still on the way to the EMC, roles given in the above table are the prime duty of 
EMT members.    

During the early activation period of the EMT and when changing situations of an 
emergency demand flexibility, there may be occasions when individual members 
of the EMT have to assume more than one role.  

5.3 Composition of the Site Operations Team 

Role Composition 

Incident Commander (IC) Operations  ERRV Vessel Master 

ERRV Vessel Crew 

Emergency Response Team 

First Aid Officer 

Fire & Rescue Trained Crew 
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As required the IC may: 

 Assume operational co-ordination of SAR facilities on scene;  

 Receive and implement the clean-up and search action plan from the 
MRCC;  

 Modify the actiond plan based on prevailing environmental conditions, Oil 
Spill Vessel deployment, Search & Rescue Units (SRUs) / Search & 
Rescue (SAR) Facilities availability and capability, new target information 
and new developments on scene, keeping the MRCC advised of any 
changes to the plan;  

 Establish and maintain communications with all SRUs using the 
designated on scene channels;  

 Provide relevant information to the other SAR facilities;  

 Monitor the performance of other units participating in the search. Co-
ordinate and divert surface units or helicopters to evaluate sightings;  

 Develop and implement the response plan (when needed);  
 

5.4 Emergency Management Centre (EMC) 

 

Centres Locations Teams 

Emergency 
Management 

Centre  

The Wind Farm Control Centre 

 

Emergency Management Team 

Logistics 

 

5.5 Emergency Response & Rescue Vessel 

 

Centres Locations Teams 

Emergency 
Response & 

Rescue Vessel 

Wind Farm site in South Eastern 
Waters  

Incident Commander 

Vessel Crew including trained Emergency 
Response Teams 
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6 Emergency Response Procedure 

6.1 General Requirements 

This procedure shall be implemented to ensure that the Project Emergency 
Response Plan is tested, regularly updated and clearly communicated. The 
procedure shall address: 

 Response strategies for handling potential emergencies, 

 Details of responsibilities and authorities associated with emergencies,  

 Co-ordination with HKSAR Government agencies and 

 Follow up plan. 
 

Recommendations resulting from this emergency exercise program shall be 
documented, and communicated to the EMT.  The implementation of this plan 
shall be confirmed through: 

 The availability of the Emergency Response Plan at all project facilities, 

 Completion of all scheduled emergency exercises/drills, 

 Records of emergency response training and competency for relevant 
personnel, 

 Desktop Reviews and Auditing 

 Effective management of any incidents where this plan has been 
implemented  

 

EMT Call-Out/Activation Procedure 

The decision to activate the EMT will be made by the Duty Wind Farm Manager in 
consultation with the ERRV Vessel Master.   On activation of the EMT the Duty 
Wind Farm Manager becomes the Emergency Response Manager (ERM) and the 
ERRV Vessel Master becomes the Incident Commander.   The ERM shall then 
arrange the mobilization of the EMT and the IC will mobilize the Operational 
elements to execute the emergency response.   

After an initial round of contacts to EMT members, messages left and estimated 
reporting times will be kept by the EMT and the records will be maintained and 
passed to the Logistic Communication Resource Support cell, who will take over 
the call-out procedure for the EMT members that have not yet arrived at the EMC.  
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For severe emergency incidents, which cannot be handled effectively by the IC 
and the ERM, and which require more resources and support, the Emergency 
Management Team (EMT) will begin resource support activation. 

Figure 6.1 Notification/Activation Flowchart  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specific Requirements 

The emergency response procedure is designed to minimise environmental 
impacts in response to an oil spill. It also aims to cover other marine pollution 
events associated with construction such as grout or chemical spillages. 

Since sub-contractors will perform most of the construction works offshore, should 
an oil/chemical spill occur it would be the responsibility of the sub-contractor to 
ensure a suitable response. In the event of a marine pollution incident from the 
project the Engineering Site Manager will be responsible for ensuring a response 
proportionate to the size of the spill and informing and mobilising the appropriate 
members of all teams that may need to be involved in a spill.  

The potential for spills are likely to come from the construction vessels themselves, 
and such potential spills would be covered adequately by the vessels own 
procedures. However it should be noted that the vessel Shipboard Oil Pollution 
Emergency Plan (SOPEP) is only appropriate to the vessel itself and do not take 
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into consideration the construction activities that may be performed on the vessel.  
Therefore, during project planning and preparation phases, the construction 
activities being carried out on vessels will be assessed by the sub-contractor  
independently of the vessel SOPEP to establish the risk of a spill occurring and 
consider appropriate control measures over and above that provided by the 
vessel SOPEP. 

Oil spills include.  

 Any spillage of diesel, hydraulic oils; gear oil and lube oil 

 Any visible sheen of oil on the seas surface; 

 Any oil spill of unattributable source (possibly by others outside the wind 
farm project). 

 Any chemical spill including antifreeze, anti corrosion substances, grout 
and 

 plasticisers 
 

It is the responsibility of the person observing the spill to report this immediately to 
their immediate supervisor who shall inform the Engineering Site Manager 
providing as much information as possible including: 

 Name and position; 

 Type and size of spill; 

 Location of spill; 

 Source of spill and whether ongoing situation; 
 

In the event of a significant incident the Wind Farm Control Centre (which it is 
assumed will be active during this phase to manage offshore operations) will liaise 
with the Engineering Site Manager and the Site H&S Manager to assess the 
situation.  Depending on the severity of the incident the EE Site Manager will 
declare the appropriate response to mobilise internal and Government resources.  
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6.2 Drills & Training Exercises 

Four levels of exercises / drills are identified: 

Courses Description 

(1)   Facilities set up and familiarization 
(annually) 

Each EMT member is required to set up a basic 
EMC alone within a reasonable time since he/she 
may be the first one to arrive at the EMC. 

(2)  Call Out and Mobilization Exercise (yearly) This is an unannounced and out-of-hours call out of 
the entire EMT with all the support functions and 
the setting up of facilities with displays, 
communications etc. 

(3)  Mobilization and Desktop Exercise       
(yearly) 

As (2) except that it will be announced in advance.  
The exercise will continue with a very limited 
number of role players for an appropriate period.  
During the desktop exercise, ‘time outs’ may be 
taken to discuss issues, which arise.  It is a useful 
opportunity to brief newcomers to the team. 

(4) Desk Top Exercise  (yearly) As (2) except that it will be announced in advance.  
There will be considerable participation by role 
players, including role players from the emergency 
services and authorities, but role players will be 
located together to allow a greater degree of control 
by the Exercise Director.  The exercise will be 
conducted in real time and a post exercise report 
will be produced. 

(4) Live Drill  (every two years) A full scale exercise involving the emergency 
services, authorities and other relevant parties 
playing from their own locations and a 
predetermined level of live play at the site.  A formal 
post exercise presentation will be held. 
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Survey date Site Transect Depth (m) Exposure  Sediment  Substratum Coral recorded 
% corals in total 
benthos Remarks 

10-Mar-07 Shallow - 1 4.5 semi-sheltered 
Hard Corals: <2%; 
Octocorals: 5%   

10-Mar-07 Shallow - 2 5.8 semi-exposed 

Rocky (big rock) 
to sandy 

Hard Coral, 
Octocorals Hard Corals: <2%; 

Octocorals: 10%   

10-Mar-07 Deep - 1 8.5 semi-sheltered 
Octocorals:20%, 
Black Corals: <1%   

10-Mar-07 

Chiu Keng 
Wan 

Deep - 2 7.9 semi-exposed 

thin layer 

Sandy 
Octocorals, 
Black Corals Octocorals:20-

25%, Black 
Corals: <1% 

  

11-Mar-07 Shallow - 1 3.7 
Hard Coral, 
Octocorals 

Hard Corals: <1%; 
Octocorals: 5%   

11-Mar-07 Shallow - 2 3.8 
thin layer 

Rocky (big rock) 
to sandy 

none     
11-Mar-07 Deep - 1 7.5 Octocorals Octocorals: <1%   
11-Mar-07 

Tung Lung 
Island (West)  

Deep - 2 7.5 

semi-exposed 

re-
suspended 

Sandy 
none     

17-Mar-07 Shallow - 1 3.5 
Hard Coral, 
Octocorals 

Hard Corals: <2%; 
Octocorals: <1%   

17-Mar-07 Shallow - 2 2.5 
thin layer 

Octocorals: <1% 
large sea 
anemone 

17-Mar-07 Deep - 1 6.8 
Octocorals: 30-
35%   

17-Mar-07 

Fat Tong 
Chau 

Deep - 2 7.5 

semi-sheltered 

re-
suspended 

Rocky (big rock) 
to sandy 

Octocorals 

Octocorals: 10-
15%   

6-Jun-07 Shallow  15 thin layer Octocorals 
Octocorals:20-
30%, Black 
Corals: <5% 

9-Jun-07 

Victor Rock 

Deep  23-25 

semi-exposed 
re-
suspended 

Rocky 
Octocorals, 
Black Coral 

Octocorals:60-
70%, Black 
Corals: <5% 

many 
ahermaptypic 
corals 

7-Jun-07 Shallow - 1 8 none     

7-Jun-07 Shallow - 2 6.5 
thin layer Hard Coral, 

Octocorals, 
Black Coral 

Hard Corals: 5-
10%, Octocorals: 
5% 

  

8-Jun-07 Deep - 1 12 
Hard Corals: 15-
20%   

8-Jun-07 

Tung Lung 
Chau (South) 

Deep - 2 10.5 

semi-exposed 

re-
suspended 

Rocky (big rock) 
to sandy 

Hard Coral 
Hard Corals: 20-
25%   

18-Jun-07 Shallow - 1 5.7 Octocorals Octocorals: <1% 
Sponges and 
bryozoans 

18-Jun-07 

South 
Ninepins 

Shallow - 2 6.4 

semi-exposed 
thin layer Rocky 

none     
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Survey date Site Transect Depth (m) Exposure  Sediment  Substratum Coral recorded 
% corals in total 
benthos Remarks 

18-Jun-07 Deep - 1 13 
Hard Coral, 
Octocorals, 
Black Coral 

Hard Corals: 5-
10%, Octocorals: 
<5% 

18-Jun-07 Deep - 2 15 

re-
suspended 

Rocky (big rock) 
Octocorals, 
Black Coral 

Octocorals: 5-10% 

many 
ahermaptypic 
corals 

18-Jun-07 Shallow - 1 6.6 
Hard Coral, 
Octocorals 

Hard Corals: 5-
10%, 
Octocorals:<1% 

18-Jun-07 Shallow - 2 5.2 

thin layer Rocky 

Octocorals Octocorals:<1% 

Bryozoans 

21-Jun-07 Deep - 1 20 thin layer 
Octocorals:<5%, 
Black Corals: <1%   

21-Jun-07 

East Ninepins 

Deep - 2 22 

semi-exposed 

re-
suspended 

Rocky (big rock) 
to sandy 

Octocorals, 
Black Coral Octocorals:<1%, 

Black Corals: 5-
10% 

  

19-Jun-07 Shallow 11 
Hard Coral, 
Octocorals 

Hard Corals: 10%, 
Octocorals:<5%   

19-Jun-07 

One Foot 
Rock 

Deep 23 
exposed 

re-
suspended 

Rocky with 
rubbles Octocorals, 

Black Coral 

Octocorals:30-
40%, Black 
Corals: 5% 

  

20-Jun-07 Shallow 8.5 thin layer 
Hard Coral, 
Octocorals 

Hard Corals: 5-
10%, 
Octocorals:<1% 

Sponges, 
anemones, 
ahermaptypic 
corals 

20-Jun-07 

Basalt Island 

Deep 18 

semi-exposed 

re-
suspended 

Rocky 

Octocorals, 
Black Coral 

Octocorals:5%, 
Black Corals: 5% 

Bryozoans, 
ahermaptypic 
corals 

          
          
Exposure: sheltered, semi-sheltered, semi-exposed, exposed      
Sediment: none, thin later, resuspended, thick layer of muds      
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APPENDIX 5A: CORAL RECORDS 

        
Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

10m - 20m Euplexaura sp. 25 - 30 cm - 

20m - 30m Euplexaura sp. 25 - 30 cm Oulastrea crispata 3 - 5 cm 

Euplexaura sp. 25 - 30 cm Oulestrea crispata 3 - 5 cm 

Paraplexaura sp. ~ 15 cm Turbinaria peltata ~ 10 cm 30m - 40m 

Dendronephthya sp. ~ 10 cm 
Psammocora 
superficialis > 40 cm 

Euplexaura sp. 25 - 30 cm 
40m - 50m 

Dendronephthya sp. ~ 15 cm 

50m - 60m Euplexaura sp. 25 - 30 cm 

60m - 70m Euplexaura sp. 25 - 30 cm 

Euplexaura sp. 25 - 30 cm 
80m - 90m 

Paraplexaura sp. ~ 10 cm 

Shallow T1 

90m - 100m Euplexaura sp. 25 - 30 cm 

- 

- 

0m - 10m Euplexaura sp. 25 - 30 cm 

10m - 20m Paraplexaura sp. ~ 15 cm 
- 

Oulastrea crispata 3 - 5 cm 
20m - 30m Paraplexaura sp. 25 - 30 cm 

Turbinaria peltata 15 - 20 cm 

Paraplexaura sp. 25 - 30 cm 
30m - 40m 

Euplexaura sp. 25 - 30 cm 
Favites pentagona > 50 cm 

40m - 50m Euplexaura sp. 25 - 30 cm 

50m - 60m Euplexaura sp. 25 - 30 cm 

Paraplexaura sp. 25 - 30 cm 
60m - 70m 

Euplexaura sp. 25 - 30 cm 

Euplexaura sp. 25 - 30 cm 

Chiu Keng 
Wan 

Shallow T2 

70m - 80m 

Paraplexaura sp. 25 - 30 cm 

- 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Echinogorgia sp. ~ 10 cm 

80m - 90m Lobophytum sp. > 30 cm 

Paraplexaura sp. ~ 15 cm 
0m - 10m 

Echinomuricea sp. ~ 15 - 30 cm 

Paraplexaura sp. ~ 15 cm 

Euplexaura sp. 25 - 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 
20m - 30m 

Menella sp. ~ 15 cm 

Paraplexaura sp. ~ 15 cm 

Echinomuricea sp. ~ 15 - 30 cm 30m - 40m 

Paraplexaura sp. > 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 

Paraplexaura sp. ~ 15 cm 40m - 50m 

Echinomuricea sp. ~ 15 - 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 
50m - 60m 

Paraplexaura sp. > 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 

Paraplexaura sp. ~ 15 cm 60m - 70m 

Dendronephthya sp. ~ 25 cm 

Paraplexaura sp. ~ 15 cm 
80m - 90m 

Echinomuricea sp. ~ 15 - 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 

Paraplexaura sp. ~ 15 cm 

Deep T1 

90m - 100m 

Dendronephthya sp. > 25 cm 

- - 

Echinomuricea sp. ~ 15 - 30 cm 
0m - 10m 

Paraplexaura sp. ~ 15 cm 

10m - 20m Echinomuricea sp. ~ 15 - 30 cm 

Deep T2 

20m - 30m Echinomuricea sp. ~ 15 - 30 cm 

- - 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Menella sp. 10 cm 

Carijoa sp.  ~ 3 cm 

Euplexaura sp. ~ 15 cm 

Paraplexaura sp. ~ 15 cm 30m - 40m 

Echinomuricea sp. ~ 15 - 30 cm 

Cirripathes sp ~ 30 - 35 cm 

40m - 50m Echinomuricea sp. ~ 15 - 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 

Paraplexaura sp. ~ 15 cm 

Scleronephthya sp. ~ 5 - 15 cm 
50m - 60m 

Euplexaura sp. ~ 15 cm 

Astrogorgia sp.  ~ 10 cm 

Echinomuricea sp. ~ 15 - 30 cm 

Dendronephthya 
spp. > 30 cm 

Euplexaura sp. 25 - 30 cm 

70m - 80m 

Paraplexaura sp. ~ 15 cm 

- 

Echinomuricea sp. ~ 15 - 30 cm 

Paraplexaura sp. ~ 15 cm 80m - 90m 

Anthogorgia sp. ~ 40 - 50 cm 

Cirripathes sp > 30 cm 

Echinomuricea sp. ~ 15 - 30 cm 

Dendronephthya sp. > 20 cm 

Scleronephthya sp. < 8 cm 
90m - 100m 

Anthogorgia sp. > 20 cm 

Cirripathes sp > 35 cm 

Euplexaura sp. ~ 20 cm 
20m - 30m 

Sinulara brassica ~ 5 - 10 cm 
Porites lutea < 10 cm 

40m - 50m 
Plesiastrea 
versipora ~ 30 cm 

Favia sp. ~ 15 cm 

Tung Lung 
Chau West 

Shallow T1 

50m - 60m 
- 

Turbinaria peltata ~ 30 cm 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Shallow T2 - 

Deep T1 60m - 70m Echinomuricea sp. ~ 20 cm Dendrophyllia < 20 cm - 

Deep T2 - 

0m - 10m Euplexaura sp. >30m 

10m - 20m Euplexaura sp. >30m 
- 

30m - 40m 
Goniopora 
stutchburyi >60cm 

Leptastrea purpurea >60cm 

Shallow T1 

40m - 50m 
- 

Cyphastrea serailia >30cm 

- 

0m - 10m Euplexaura sp. >30m 
Shallow T2 

10m - 20m Euplexaura sp. 40-50cm 
- - 

Paraplexaura sp. 20cm 
0m - 10m 

Echinomuricea sp. 25-40cm 

Paraplexaura sp. 20cm 
10m - 20m 

Echinomuricea sp. 25-40cm 

Paraplexaura sp. 30cm 

Echinomuricea sp. 25-40cm 20m - 30m 

Dendronephthya sp. 30cm 

Echinomuricea sp. 25-40cm 

Paraplexaura sp. 20cm 30m - 40m 

Euplexaura sp. 30cm 

Echinomuricea sp. 25-40cm 
40m - 50m 

Paraplexaura sp. 20cm 

Euplexaura sp. 30cm 
50m - 60m 

Echinomuricea sp. 25-40cm 

60m - 70m Echinomuricea sp. 25-40cm 

70m - 80m Echinomuricea sp. 25-40cm 

Fat Tong 
Chau 

Deep T1 

80m - 90m Echinomuricea sp. 25-40cm 

- - 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Euplexaura sp. 30cm 

Dendronephthya sp. 30cm 

90m - 100m Echinomuricea sp. 25-40cm 

0m - 10m Echinomuricea sp. 25-40cm 

10m - 20m Echinomuricea sp. 25-40cm 

20m - 30m Echinomuricea sp. 25-40cm 

30m - 40m Echinomuricea sp. 25-40cm 

40m - 50m Echinomuricea sp. 25-40cm 

Deep T2 

50m - 60m Dendronephthya sp. 10cm 

- - 

Dendronephthya 
spp. 5-15cm 

0m - 10m 
Muricella sp. 15-20cm 

- 

10m - 20m 
Dendronephthya 
spp. 30-40 

Montipora 
peltiformis   

Muricella sp. 30cm 

Scleronephthya spp. 5-10cm 20m - 30m 
Dendronephthya 
spp. 20cm 

- 

Muricella sp. 15cm 
30m - 40m Dendronephthya 

spp. 10cm 

Montipora 
peltiformis   

Muricella sp. 25cm 
40m - 50m Dendronephthya 

spp. 30cm 

50m - 60m 
Dendronephthya 
spp. 15cm 

Dendronephthya 
spp. 5-10cm 

60m - 70m 
Muricella sp. 25cm 

Scleronephthya spp. <10cm 
70m - 80m Dendronephthya 

spp. 20-40cm 

- 

Victor Rock Shallow T1 

80m - 90m Scleronephthya spp. 10cm Montipora   

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Dendronephthya 
spp. 15cm 

Chironephthya spp. 5-8cm 

peltiformis 

90m - 100m Scleronephthya spp. 10cm - 

Scleronephthya spp. 10-15cm 

Encrusting soft coral 
SP3   0m - 10m 

Astrogorgia sp. 15cm 

Muricella sp. 20cm 
10m - 20m 

Scleronephthya spp. 10-15cm 

Dendronephthya 
spp. 20-30cm 

Muricella sp. 10cm 

Scleronephthya spp. 20cm 
20m - 30m 

Anthogorgia sp. 15cm 

- 

Anthogorgia sp. 20-25cm Antipathes spp. 30cm 

Muricella sp. 20cm Cirripathes sp. >60-100cm 

Dendronephthya 
spp. 30-40cm     

Scleronephthya spp. 10-20cm     

Echinomuricea spp. 20cm    

Paraplexaura sp. 15cm    

Paramenabia sp. 10cm     

Menella sp.  15cm     

Nephthyigorgia sp. 10cm     

Deep T1 

30m - 100m 

Echinogorgia sp. 15cm 

- 

    

Shallow T1 - 

Dendronephthya 
spp. 15-20cm 

Psammocora 
superficialis 10-15cm 

Nephthyigorgia sp. 20cm 

Tung Lung 
Chau South 

Shallow T2 

60m - 70m 

Chironephthya sp. 10cm 

Goniopora 
stutchburyi 10-15cm 

Cirripathes sp. >60-100cm 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Anthogorgia sp. 20cm 
Goniopora 
stutchburyi 10-15cm 

70m - 80m 
Euplexaura sp. 10cm 

Psammocora 
superficialis 10-15cm 

- 

Muricella sp. 20cm 
80m - 90m 

Menella 10cm 
Cirripathes sp. >60-100cm 

90m - 100m Muricella sp. 20cm 

- 

Cirripathes sp. >60-100cm 

10m - 20m 
Goniopora 
djiboutiensis 5-10cm 

30m - 40m 
Psammocora 
superficialis 20cm 

40m - 50m  
Psammocora 
superficialis 15-20cm 

Plesiatrea versipora 20-30cm 

Psammocora 
superficialis 20cm 

Goniopora 
stutchburyi 5-10cm 

50m - 60m 

Cyphastrea 
japonica >30cm 

Psammocora 
superficialis 15-20cm 

60m - 70m 
Porites lutea 20cm 

70m - 80m Plesiatrea versipora 30cm 

Psammocora 
superficialis 20cm 

Deep T1 

80m - 90m 

- 

Cyphastrea 
japonica 10cm 

- 

Plesiatrea versipora 20-30cm 

Psammocora 
haimeana 10-15cm 

Cyphastrea 
japonica 10-20cm 

0m - 10m 

Coscinarea n. sp. 15-20cm 

Deep T2 

10m - 20m 

- 

Psammocora 
superficialis 10cm 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Cyphastrea serailia 15cm 

Psammocora 
haimeana 20cm 

Goniopora 
stutchburyi 10cm 

Cyphastrea serailia 10-15cm 

20m - 30m 

Plesiatrea versipora 20cm 

30m - 40m Plesiatrea versipora 20cm 

Cyphastrea serailia 10-15cm 
40m - 50m Psammocora 

superficialis 15-20cm 

Favia speciosa 20-25cm 

Plesiatrea versipora 25cm 50m - 60m 

Cyphastrea serailia 15-20cm 

Plesiatrea versipora 20cm 

Favia helianthoides 15cm 60m - 70m 

Cyphastrea serailia 15-20cm 

70m - 80m Cyphastrea serailia 15-20cm 

Psammocora 
superficialis 20cm 

80m - 90m 
Plesiatrea versipora 20cm 

Euplexaura sp. 10cm 
Shallow T1 80m - 90m 

Carijoa sp. 5cm 
- - 

Shallow T2 - 

Plesiatrea versipora 25cm 

Montipora 
peltiformis 10cm 0m - 10m 

Dendronephthya 
spp. 5-15cm 

Psammocora 
superficialis 10cm 

10m - 20m 
Dendronephthya 
spp. 5cm 

Psammocora 
superficialis 10-15cm 

South 
Ninepins 

Deep T1 

20m - 30m Dendronephthya 5cm Plesiatrea versipora 10cm 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

spp. 

Dendronephthya 
spp. 10cm 

Paraplexaura sp. 10cm 30m - 40m 

Euplexaura sp. 10cm 

40m - 50m - Cirripathes sp. 30cm 

50m - 60m Anthogorgia sp. 30cm 

70m - 80m 
Dendronephthya 
spp. 20cm 

- 

- 

0m - 10m 
Dendronephthya 
spp. 15cm 

Acanthoogorgia sp. 10cm 
10m - 20m 

Scleronephthya spp. 5cm 

20m - 30m 
Dendronephthya 
spp. 5-10cm 

30m - 40m Paraminabea sp1. 15cm 

- 

40m - 50m Paraminabea sp2. 15cm Cirripathes sp. 40cm 

70m - 80m 
Dendronephthya 
spp. 5cm - 

Echinomuricea sp. 5cm 

Deep T2 

80m - 90m 
Anthogorgia sp. 25cm 

- 

Cirripathes sp. 15cm 

10m - 20m 
Dendronephthya 
spp. 15cm 

Psammocora 
superficialis 20cm 

Montipora 
peltiformis 30cm 

20m - 30m 
Dendronephthya 
spp. 20cm Psammocora 

superficialis 20cm 

Montipora mollis 20cm 

Favia speciosa 15cm 

Montipora 
peltiformis 40cm 30m - 40m 

Dendronephthya 
spp. 25cm 

Psammocora 
superficialis 25cm 

East Ninepins Shallow T1 

50m - 60m Euplexaura sp. 
50cm Psammocora 40cm 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

superficialis 

  
Montipora 
turgescens 30cm 

Shallow T2 50m - 60m Carijoa sp. 20-30cm 

30m - 40m 
Dendronephthya 
spp. 15cm 

- 

40m - 50m 
Dendronephthya 
spp. 15cm Cirripathes sp. >50cm 

Encrusting soft coral 
SP3 40cm 

Menella sp. 8cm 60m - 70m 

Acanthogorgia sp. 10cm 

- 
Deep T1 

70m - 80m 
Dendronephthya 
spp. 15cm Cirripathes sp. >40cm 

50m - 60m - Cirripathes sp. >50cm 

60m - 70m Echinomuricea sp. 10cm Cirripathes sp. >40cm 

70m - 80m Paraminabea sp. 30cm Cirripathes sp. 15cm Deep T2 

80m - 90m - 

- 

Cirripathes sp. >50cm 

Montipora 
peltiformis 10cm 

0m - 10m 
Dendronephthya 
spp. 20cm 

Plesiatrea versipora 5cm 

Montipora 
peltiformis 20cm 

10m - 20m 
Dendronephthya 
spp. 10cm Psammocora 

superficialis 5cm 

20m - 30m 
Dendronephthya 
spp. 30cm - 

30m - 40m 
Dendronephthya 
spp. 3cm 

Montipora 
peltiformis 5cm 

60m - 70m 
Dendronephthya 
spp. 15cm 

Shallow T1 

90m - 100m 
Dendronephthya 
spp. 60cm 

- 

- 

One Foot 
Rock 

Deep T2 0m - 10m Nephthyigorgia sp. 10cm - - 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Dendronephthya 
spp. 10cm 

Muricella sp. 20-30cm 

Echinogogia sp. 8cm 

Menella sp. 8cm 

Astrogorgia sp. 10cm 

Nephthyigorgia sp. 10cm 

Scleronephthya sp. 5cm 

Muricella sp. 20-30cm 

Viminella sp. 20-30cm 

Menella sp. 10-15cm 

Anthogorgia sp. 20cm 

Dendronephthya 
spp. 20cm 

Paraminabea sp. 5-8cm 

10m - 20m 

Echinogogia sp. 10cm 

Cirripathes sp. 30-40cm 

Viminella sp. 20cm Cirripathes sp. 50cm 

Menella sp. 15cm 

Paraminabea sp. 5cm 

Nephthyigorgia sp. 5cm 

Acanthogorgia sp. 10-15cm 

Scleronephthya sp. 10cm 

Muricella sp. 20-25cm 

Anthogorgia sp. 15-20cm 

20m - 30m 

Dendronephthya 
spp. 20cm 

Antipathes sp. 20cm 

Muricella sp. 20cm 

Dendronephthya 
spp. 20cm 

30m - 40m 

Scleronephthya sp. 10cm 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Acanthogorgia sp. 5-10cm 

Anthogorgia sp. 15cm 

Anthogorgia sp. 15cm 
40m - 50m Dendronephthya 

spp. 20cm 

Muricella sp. 20cm 

Nephthyigorgia sp. 5-10cm 

Anthogorgia sp. 30-40cm 
50m - 60m 

Acanthogorgia sp. 20cm 

Cirripathes sp. 50cm 

Echinomuricea sp. 10-15cm 
60m - 70m 

Euplexaura sp. 10cm 

Muricella sp. 10cm 
80m - 90m 

Menella sp. 10cm 

- 

Acanthogorgia sp. 15cm 
90m - 100m 

Anthogorgia sp. 15cm 
Cirripathes sp. 50cm 

Psammocora 
superficialis 30cm 

10m - 20m - Montipora 
peltiformis 15-20cm 

Psammocora 
superficialis 20cm 

Goniopora 
stutchburyi 20cm 

Cyphastrea serailia 20-30cm 

20m - 30m 
Dendronephthya 
spp. 25cm 

Plesiatrea versipora 30cm 

Montipora 
peltiformis 10cm 

Plesiatrea versipora 40cm 

Cyphastrea serailia 30cm 
30m - 40m Cladiella sp. 50-60cm 

Cyphastrea serailia 20cm 

Plesiatrea versipora 20cm 

Basalt Island Shallow T1 

40m - 50m - 

Cyphastrea serailia 20cm 

- 
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Soft Coral Hard Coral Black Coral 

Site 
Transect 
No.  

Transect 
Distance Species Size Species Size Species Size 

Montipora 
peltiformis 40cm 

Montipora 
peltiformis 15cm 

50m - 60m - 
Favites pentagona 30cm 

90m - 100m Euplexaura sp. 15cm Plesiatrea versipora 30cm 

Antipathes sp. 30cm 
10m - 20m Anthogorgia sp. 10-15cm 

Cirripathes sp, 50-80cm 

20m - 30m Dendronephthya sp, 20cm - 

Scleronephthya sp. 10cm 
30m - 40m 

Dendronephthya sp, 20cm 
Cirripathes sp, 40cm 

40m - 50m Dendronephthya sp, 30cm - 

Viminella sp. 30cm Antipathes sp. 15cm 

Muricella sp. 20cm 50m - 60m 

Paraplexaura sp. 10cm 
Cirripathes sp, 60cm 

60m - 70m Dendronephthya sp, 10cm 

70m - 80m Echinomuricea sp. 10cm 

Euplexaura sp. 20cm 

Scleronephthya sp. 10cm 

Deep T1 

80m - 90m 

Paraplexaura sp. 15cm 

- 

- 

         

Note: - no data         
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Survey Transects (Locations refer to points sites presented in Figure 5.5) 
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Species List 

Species list of macrobenthic animals collected from wet and dry season surveys  

                            (B = both seasons; D = dry season; W = wet season)   

Phylum Class Order Family Species  

Nemertinea    Nemertean spp. B 

      

Annelida Polychaeta Amphinomida Amphinomidae Chloeia flava W 

Annelida Polychaeta Amphinomida Amphinomidae 
Linopherus 

paucibranchiata B 

Annelida Polychaeta Capitellida Capitellidae Capitella sp. B 

Annelida Polychaeta Capitellida Capitellidae Mediomastus sp. B 

Annelida Polychaeta Capitellida Capitellidae Notomastus sp. B 

Annelida Polychaeta Capitellida Maldanidae Euclymene sp. B 

Annelida Polychaeta Cossurida Cossuridae 
Cossurella 
dimorpha B 

Annelida Polychaeta Eunicida Dorvilleidae 
Schistomeringos 

rudolphi D 
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Annelida Polychaeta Eunicida Eunicidae Eunice indica B 

Annelida Polychaeta Eunicida Eunicidae 
Marphysa 
sanguinea B 

Annelida Polychaeta Eunicida Eunicidae 
Marphysa 
stragulum B 

Annelida Polychaeta Eunicida Lumbrineriiae Lumbrineris nagae B 

Annelida Polychaeta Eunicida Lumbrineriiae Lumbrineris shiinoi B 

Annelida Polychaeta Eunicida Onuphidae Onuphis eremita B 

Annelida Polychaeta Opheliida Opheliidae 
Ophelina 

acuminata B 

Annelida Polychaeta Opheliida Scalibregmidae 
Scalibregma 

inflatum B 

Annelida Polychaeta Orbiniida Orbiniidae Phylo ornatus B 

Annelida Polychaeta Orbiniida Paraonidae Paraonella sp. B 

Annelida Polychaeta Phyllodocida Chrysopetalidae Bhawania brevis B 

Annelida Polychaeta Phyllodocida Glyceridae Glycera chirori B 

Annelida Polychaeta Phyllodocida Goniadidae 
Glycinde 

gurjanovae B 
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Annelida Polychaeta Phyllodocida Hesionedae 
Ophiodromus 
angutifrons B 

Annelida Polychaeta Phyllodocida Hesionedae 
Ophiodromus 

obscura W 

Annelida Polychaeta Phyllodocida Lacydoniidae 
Paralacydonia 

paradoxa B 

Annelida Polychaeta Phyllodocida Nephtyidae 
Aglaophamus 

dibranchis B 

Annelida Polychaeta Phyllodocida Nephtyidae 
Aglaophamus 

sinensis B 

Annelida Polychaeta Phyllodocida Nereidae Leonnates persica B 

Annelida Polychaeta Phyllodocida Nereidae 
Nectoneanthes 

alatopalpis B 

Annelida Polychaeta Phyllodocida Phyllodocidae Phyllodoce sp. B 

Annelida Polychaeta Phyllodocida Pilargiidae Otopsis sp. B 

Annelida Polychaeta Phyllodocida Pilargiidae Sigambra hanaokai B 

Annelida Polychaeta Phyllodocida Polynoidae Gattyana sp. W 

Annelida Polychaeta Phyllodocida Polynoidae Harmothoe sp. B 

Annelida Polychaeta Phyllodocida Polynoidae Lepidasthenia sp. B 
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Annelida Polychaeta Phyllodocida Sigalionidae 
Ehlersileanira 

hwanghaiensis B 

Annelida Polychaeta Sabellida Sabellidae Laonome indica D 

Annelida Polychaeta Spionida Cirratulidae Cirriformia sp. B 

Annelida Polychaeta Spionida Cirratulidae Tharyx sp. B 

Annelida Polychaeta Spionida Magelonidae Magelona sp. B 

Annelida Polychaeta Spionida Poecilochaetidae 
Poecilochaetus 

hystricosus B 

Annelida Polychaeta Spionida Spionidae Laonice cirrata B 

Annelida Polychaeta Spionida Spionidae Minuspio cirrifera W 

Annelida Polychaeta Spionida Spionidae 
Paraprionospio 

pinnata B 

Annelida Polychaeta Spionida Spionidae Polydora sp. W 

Annelida Polychaeta Spionida Spionidae 
Prionospio 
malmgreni B 

Annelida Polychaeta Spionida Spionidae 
Prionospio 
saccifera B 

Annelida Polychaeta Spionida Spionidae Rhynchospio sp. W 
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Annelida Polychaeta Spionida Spionidae 
Scolelepis 
squamata B 

Annelida Polychaeta Spionida Trochochaetidae 
Trochochaeta 

diverapoda B 

Annelida Polychaeta Sternaspida Sternaspidae Sternaspis scutata B 

Annelida Polychaeta Terebellida Ampharetidae Anobothrus sp. B 

Annelida Polychaeta Terebellida Terebellidae Amaeana sp. B 

Annelida Polychaeta Terebellida Terebellidae Loimia bandera B 

Annelida Polychaeta Terebellida Terebellidae Loimia ingens B 

Annelida Polychaeta Terebellida Trichobranchidae 
Terebellides 

stroemii D 

      

Sipuncula Phascolosomatidea Phascolosomaliformes 
Phascolosomatidae 

Apionsoma 
trichocephalus B 

      

Echiura Echiurida Echiuroinea Echiuridae 
Thalassema 

sabinum D 
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Mollusca Bivalvia Arcoida Arcidae 
Mabellarca 
consociata W 

Mollusca Bivalvia Lucinoida Lucinidae 
Anodontia 

stearnsiana D 

Mollusca Bivalvia Myoida Corbulidae 
Solidicorbula 

tunicata B 

Mollusca Bivalvia Veneroida Mactridae 
Mactrinula 
dolabrata D 

Mollusca Bivalvia Veneroida Mactridae Mactrinula reevesii D 

Mollusca Bivalvia Veneroida Tellinidae 
Angulus 

emarginatus  W 

Mollusca Bivalvia Veneroida Tellinidae Macoma incongrua D 

Mollusca Bivalvia Veneroida Tellinidae Macoma praerupta B 

Mollusca Bivalvia Veneroida Tellinidae Nitidotellina iridella W 

Mollusca Bivalvia Veneroida Tellinidae Nitidotellina minuta B 

Mollusca Bivalvia Veneroida Veneridae Dosinia derupta W 

Mollusca Bivalvia Veneroida Veneridae Timoclea lionota W 

Mollusca Gastropoda Mesogastropoda Naticidae 
Polinices 
mammata W 
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Arthropoda Malacostraca Amphipoda  Amphipod spp. B 

Arthropoda Malacostraca Copepoda  Copepod spp. B 

Arthropoda Malacostraca Decapoda Alpheidae 
Alpheus 

brevicristatus B 

Arthropoda Malacostraca Decapoda Alpheidae 
Alpheus 

distinguendus B 

Arthropoda Malacostraca Decapoda Callianassidae 
Callianassa 

japonica B 

Arthropoda Malacostraca Decapoda Goneplacidae Eucrate costata B 

Arthropoda Malacostraca Decapoda Goneplacidae Goneplax sp. W 

Arthropoda Malacostraca Decapoda Goneplacidae 
Typhlocarcinops 

canaliculata B 

Arthropoda Malacostraca Decapoda Goneplacidae 
Typhlocarcinops 

denticarpus B 

Arthropoda Malacostraca Decapoda Goneplacidae 
Typhlocarcinus 

villosus B 

Arthropoda Malacostraca Decapoda Goneplacidae 
Xenophthalmus 
pinnotheroides B 

Arthropoda Malacostraca Decapoda Pasiphaeidae Leptochela B 
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aculeocaudata 

Arthropoda Malacostraca Decapoda Penaeidae 
Metapenaeopsis 

barbata W 

Arthropoda Malacostraca Decapoda Penaeidae 
Miyadiella 

podophthalmus D 

Arthropoda Malacostraca Decapoda Pinnotheridae 
Neoxenophthalmus 

obscurus B 

Arthropoda Malacostraca Decapoda Porcellanidae 
Porcellanella 

triloba D 

Arthropoda Malacostraca Decapoda Porcellanidae 
Raphidopus 

ciliatus B 

Arthropoda Malacostraca Decapoda Portunidae Charybdis affinis D 

Arthropoda Malacostraca Decapoda Portunidae 
Charybdis 

hongkongensis W 

Arthropoda Malacostraca Decapoda Portunidae Charybdis natator W 

Arthropoda Malacostraca Decapoda Portunidae 
Charybdis 
variegata D 

Arthropoda Malacostraca Decapoda Processidae Processa japonica B 

Arthropoda Malacostraca Decapoda  Shrimp larvae W 

Arthropoda Malacostraca Stomatopoda  
Mantis shrimp 

larvae 
W 
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Arthropoda Malacostraca Tanaidacea Apseudidae Apseudes sp. D 

      

Phoronida Phoronidea  Phoronidae Phoronis sp. B 

      

Echinodermata Ophiuroidea Gnathophiurida Amphiuridae Amphioplus laevis W 

Echinodermata Ophiuroidea Gnathophiurida Amphiuridae 
Amphipholis 
squamata B 

Echinodermata Ophiuroidea Gnathophiurida Amphiuridae Amphiura hexactis B 

      

Chordata Amphioxi Amphioxiformes Amphioxidae 
Branchiostoma 

belcheri W 

Chordata Osteichthyes Anguilliformes Ophichthyidae Ophichthus sp. B 

Chordata Osteichthyes Gadiformes Bregmacerotidae 
Bregmaceros 

atlanticus W 

Chordata Osteichthyes Gadiformes Bregmacerotidae 
Bregmaceros 
macclellandi W 

Chordata Osteichthyes Perciformes Gobiidae 
Ctenogobius 
brevirostris W 
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Chordata Osteichthyes Perciformes Gobiidae Trypauchen vagina D 

Chordata Osteichthyes Perciformes Taenioididae 
Odontamblyopus 

sp. B 
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Wet Season PSD 

Season Station ψ value Weight (g) Cumulative wt (g) Cumulative % 
 

     

-1 0.06  0.06  0.04   

0 0.18  0.24  0.15   

1 0.08  0.32  0.20   

2 0.38  0.70  0.44   

3 0.63  1.33  0.84   

4 3.75  5.08  3.21   

B1 

8 153.17  158.25  100.00   

-1 4.13  4.13  2.47   

0 4.55  8.68  5.19   

1 8.53  17.21  10.29   

2 8.38  25.59  15.30   

3 10.22  35.81  21.40   

4 8.12  43.93  26.26   

B2 

8 123.37  167.30  100.00    

-1 20.76  20.76  6.84   

0 36.80  57.56  18.96   

1 25.72  83.28  27.43   

2 24.09  107.37  35.36   

3 39.33  146.70  48.32   

4 23.60  170.30  56.09   

Wet 
(Aug. 
2006) 

B3 

8 133.33  303.63  100.00   

 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters                                Environmental Impact Assessment  
 

 

ESB-146/2006 Issue 3, May 2009                 Appendix 5B – Page 12 
 
 

-1 0.01  0.01  0.01   

0 0.05  0.06  0.04   

1 0.01  0.07  0.04   

2 3.77  3.84  2.37   

3 1.73  5.57  3.44   

4 0.35  5.92  3.65   

B4 

8 156.12  162.04  100.00   

-1 0.04  0.04  0.02   

0 0.01  0.05  0.03   

1 0.05  0.10  0.06   

2 0.13  0.23  0.14   

3 0.60  0.83  0.50   

4 4.19  5.02  3.01   

B5 

8 161.97  166.99  100.00   

-1 0.01  0.01  0.01   

0 0.03  0.04  0.02   

1 0.06  0.10  0.06   

2 0.07  0.17  0.10   

3 0.52  0.69  0.40   

4 6.35  7.04  4.10   

B6 

8 164.66  171.70  100.00   

 

-1 0.21  0.21  0.13   

0 0.01  0.22  0.14   

B7 

1 0.05  0.27  0.17   
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2 0.11  0.38  0.24   

3 0.36  0.74  0.46   

4 2.00  2.74  1.70   

8 158.50  161.24  100.00   

-1 0.35  0.35  0.18   

0 0.24  0.59  0.30   

1 0.30  0.89  0.45   

2 0.29  1.18  0.60   

3 1.07  2.25  1.14   

4 14.02  16.27  8.23   

B8 

8 181.31  197.58  100.00   
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Season Station ψ value Weight (g) 
Cumulative wt 

(g) Cumulative %          

-1 0.06  0.06  0.04   

0 0.18  0.24  0.15   

1 0.08  0.32  0.20   

2 0.38  0.70  0.44   

3 0.63  1.33  0.84   

4 3.75  5.08  3.21   

B1 

8 153.17  158.25  100.00   

-1 4.13  4.13  2.47   

0 4.55  8.68  5.19   

1 8.53  17.21  10.29   

2 8.38  25.59  15.30   

3 10.22  35.81  21.40   

4 8.12  43.93  26.26   

B2 

8 123.37  167.30  100.00   

  

-1 20.76  20.76  6.84   

0 36.80  57.56  18.96   

1 25.72  83.28  27.43   

2 24.09  107.37  35.36   

3 39.33  146.70  48.32   

4 23.60  170.30  56.09   

Wet (Aug. 
2006) 

B3 

8 133.33  303.63  100.00   
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-1 0.01  0.01  0.01   

0 0.05  0.06  0.04   

1 0.01  0.07  
0.04  

 

2 3.77  3.84  2.37   

3 1.73  5.57  3.44   

4 0.35  5.92  3.65   

B4 

8 156.12  162.04  100.00   

-1 0.04  0.04  0.02   

0 0.01  0.05  0.03   

1 0.05  0.10  0.06   

2 0.13  0.23  0.14   

3 0.60  0.83  0.50   

4 4.19  5.02  3.01   

B5 

8 161.97  166.99  100.00   

-1 0.01  0.01  0.01   

0 0.03  0.04  0.02   

1 0.06  0.10  0.06   

2 0.07  0.17  0.10   

3 0.52  0.69  0.40   

4 6.35  7.04  4.10   

B6 

8 164.66  171.70  100.00    

 

-1 0.21  0.21  0.13   

0 0.01  0.22  0.14   

B7 

1 0.05  0.27  0.17   
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2 0.11  0.38  0.24   

3 0.36  0.74  0.46   

4 2.00  2.74  1.70   

8 158.50  161.24  100.00   

-1 0.35  0.35  0.18   

0 0.24  0.59  0.30   

1 0.30  0.89  0.45   

2 0.29  1.18  0.60   

3 1.07  2.25  1.14   

4 14.02  16.27  8.23   

B8 

8 181.31  197.58  100.00   
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Dry Season PSD 

              

Season Station ψ value Weight (g) 
Cumulative 

wt (g) Cumulative %         

-1 1.39  1.39  0.88   

0 0.87  2.26  1.43   

1 1.07  3.33  2.10   

2 0.96  4.29  2.71   

3 2.62  6.91  4.37   

4 5.16  12.07  7.63   

B1 

8 106.20  118.27  74.74   

-1 26.93  26.93  16.10   

0 20.09  47.02  28.11   

1 17.42  64.44  38.52   

2 16.36  80.80  48.30   

3 15.07  95.87  57.30   

4 11.45  107.32  64.15   

B2 

8 89.88  197.20  117.87   

 

-1 1.31  1.31  0.43   

0 3.17  4.48  1.48   

1 4.93  9.41  3.10   

2 3.35  12.76  4.20   

3 8.50  21.26  7.00   

Dry (Jan. 
2007) 

B3 

4 9.30  30.56  10.06   
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8 93.27  123.83  40.78   

-1 0.01  0.01  0.01   

0 0.01  0.02  0.01   

1 0.01  0.03  0.02   

2 0.01  0.04  0.02   

3 0.12  0.16  0.10   

4 1.81  1.97  1.22   

B4 

8 104.64  106.61  65.79   

-1 0.01  0.01  0.01   

0 0.03  0.04  0.02   

1 0.01  0.05  0.03   

2 0.07  0.12  0.07   

3 0.17  0.29  0.17   

4 2.32  2.61  1.56   

B5 

8 84.17  86.78  51.97   

-1 0.01  0.01  0.01   

0 0.01  0.02  0.01   

1 0.01  0.03  0.02   

2 0.22  0.25  0.15   

3 0.10  0.35  0.20   

4 1.89  2.24  1.30   

B6 

8 84.81  87.05  50.70   

 

-1 0.01  0.01  0.01   B7 

0 0.01  0.02  0.01   
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1 0.01  0.03  0.02   

2 0.04  0.07  0.04   

3 0.07  0.14  0.09   

4 0.58  0.72  0.45   

8 80.20  80.92  50.19   

-1 0.06  0.06  0.03   

0 0.01  0.07  0.04   

1 0.04  0.11  0.06   

2 0.04  0.15  0.08   

3 0.31  0.46  0.23   

4 4.09  4.55  2.30   

B8 

8 70.91  75.46  38.19   
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TOM 

Season Station Replicate 
Fresh wt. 

(g) 
Wt. after 
100°C (g) 

Wt. after 
500°C (g) 

TOM d.w. 
(%) 

Mean TOM 
(%) 

±SD 
(%) 

a 5.54  2.67  2.49  6.86  
B1 

b 5.15  2.33  2.18  6.69  
6.78  0.13  

a 5.15  4.95  4.81  2.70  
B2 

b 5.13  4.93  4.82  2.16  
2.43  0.38  

a 5.23  4.19  4.02  4.18  
B3 

b 5.27  4.20  4.06  3.19  
3.69  0.70  

a 5.32  2.66  2.52  5.13  
B4 

b 5.65  2.92  2.76  5.59  
5.36  0.33  

a 5.23  3.09  2.96  4.24  
B5 

b 5.63  3.36  3.17  5.44  
4.84  0.85  

a 5.56  3.42  3.26  4.68  
B6 

b 5.63  2.82  2.65  5.93  
5.31  0.88  

a 5.49  2.53  2.37  6.37  
B7 

b 5.24  2.96  2.76  6.72  
6.55  0.25  

a 5.13  3.60  3.41  5.26  

Wet (Aug. 
2006) 

B8 
b 5.56  2.96  2.82  4.71  

4.98  0.39  

         

         

Season Station Replicate 
Fresh wt. 

(g) 
Wt. after 
100°C (g) 

Wt. after 
500°C (g) 

TOM d.w. 
(%) 

Mean TOM 
(%) 

±SD 
(%) 

a 5.37  2.20  2.03  7.85  
B1 

b 5.66  2.09  1.93  7.54  
7.70  0.22  

a 5.21  3.38  3.28  3.05  
B2 

b 5.89  3.47  3.39  2.41  
2.73  0.45  

a 5.41  2.72  2.59  4.44  
B3 

b 5.63  2.91  2.78  4.43  
4.43  0.00  

Dry (Jan. 
2007) 

B4 a 5.22  2.37  2.22  6.28  6.44  0.23  
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b 5.81  2.47  2.31  6.60  

a 5.55  1.96  1.80  7.75  
B5 

b 5.62  2.21  2.05  7.06  
7.40  0.49  

a 5.47  2.31  2.14  7.21  
B6 

b 5.33  2.29  2.12  7.06  
7.13  0.11  

a 5.22  2.27  2.10  7.54  
B7 

b 5.08  2.22  2.07  6.82  
7.18  0.51  

a 5.67  2.17  2.04  5.58  
B8 

b 5.48  2.41  2.29  4.81  
5.20  0.54  
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1  INTRODUCTION 

1.1  Introduction       

 

The present study is part of the EIA for the proposed project “Hong Kong Offshore 

Windfarm in Southeastern Waters” and aims to: 

 

• Update baseline information on general benthic infauna community in southeastern 

waters of Hong Kong, including the Study Area of the proposed Offshore Windfarm, and  

 

• Identify presence (if any) of Amphioxus and/or other ecologically important species or 

habitats in the vicinity of the Study Area.   

1.3  Structure of the Report       

 

This Final Report details the study carried out and results collected from the wet and dry 

seasons in August 2006 and January 2007. An analysis of the data collected in the sampling 

areas is also presented. 

 

The Report is organized into 5 sections:    

 

Section 1 Introduction. 

Section 2 describes methodology used in the benthic survey. 

Section 3 details results collected from the survey. 

Section 4 presents an analysis of the sediment and faunal data collected.  

Section 5 References.    

 

There are 3 annexes with this report. Annex 1 presents the data on sediment particle size and 

total organic matter (TOM) analyses. Annex 2 lists the species list and data on individuals 

and biomass recorded for the sampling stations. Annex 3 presents the plots on abundance and 

biomass comparison (ABC) of the faunal data.    

 

 

2  SURVEY METHODOLOGY 

 

2.1  Field Sampling 

 

The wet season survey was undertaken in August 2006 whereas the dry season survey was 

conducted in January 2007, at 8 sampling stations as proposed in the Method Statement for 

Benthic Infauna Survey. The co-ordinates for the 8 stations are listed in Table 1 and their 

locations are depicted in Figure 1. The co-ordinates of one of the station B3 differs from the 

originally proposed, since the location is apparently on hard ground and no samples could be 

collected during the wet season field trip. It was decided on the field trip in August 2006 that 

station B3 was moved slightly westward along the proposed cable route. The same co-

ordinates were followed for the dry season survey in January 2007.            
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Table 1. Co-ordinates of sampling stations 

  

Station Latitude Longitude 

B1 22
o
 15.808’ N 114

o
 16.266’ E 

B2 22
o
 14.040’ N 114

o
 17.962’ E 

B3   22
o
 14.557’ N  114

o
 21.016’ E 

B4 22
o
 15.296’ N 114

o
 24.678’ E 

B5 22
o
 16.622’ N 114

o
 25.146’ E 

B6 22
o
 17.978’ N 114

o
 25.482’ E 

B7 22
o
 16.987’ N 114

o
 23.679’ E 

B8 22
o
 15.928’ N 114

o
 25.969’ E 

     

 

Figure 1. Infauna sampling stations 
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The following sampling strategy was applied to both surveys. At each station, 5 replicate 

sediment samples using a 0.1 m
2
 van Veen Grab were collected for faunal analysis. In 

addition, one extra sample was taken for particle size distribution and total organic matter 

(TOM) analyses. As the Method Statement requires that the 6 sampling points (replicates) 

shall be no closer than 50 m apart so as to increase the survey area, the following sampling 

procedure was adopted. At each location, 6 sampling points were fixed by Global Positioning 

System (GPS) on board. A centre point at the co-ordinates of that station was first determined. 

Additionally 5 sampling points radiating from this centre point at equal-degree angle (72
o
) 

and 50 m away were determined. Of these 6 sampling points, the sequence of the replicates 

for faunal or sediment analysis was randomized by drawing lots. Water depth at each station 

was measured with echo sounding.  

 

Each grab sample, once collected, was inspected to ensure that the volume of sediment 

obtained was not less than 2 L and that there were no signs of uneven penetration by the 

buckets of the grab during lowering into the sediment surface. A photographic record of the 

colour of the sediment surface at each station was taken prior to processing of the samples. 

For faunal analysis, the sediment sample was washed with gentle seawater through a stack of 

top 1.0 and bottom 0.5 mm sieves. Large animals that were visible from the residues were 

hand-picked into a small plastic vial. All remains were then washed and transferred into a 

plastic container and preserved with 5% borax-buffered formalin and stained with 1% Rose 

Bengal. Sediment samples for total organic matter analysis were stored in an icebox on board 

the vessel before being transferred to a freezer at –20
o
C in the laboratory.         

 

2.2  Laboratory Work 

 

Sorting of all residues remaining on the 0.5 mm sieve was carried out in the laboratory of 

City University of Hong Kong by trained technicians prior to taxonomic identification and 

biomass (wet weight) determination. To achieve the lowest taxonomic resolution, 

examination of the morphological features of the collected specimens was undertaken with 

the aid of both stereoscopic and compound microscopes. To record the number of individuals, 

only the anterior portions of the animals were counted. Total biomass of the benthic animals 

at each sampling location was determined as preserved wet weight, after blotting the animals 

on filter paper for three minutes before weighing to the nearest 0.01 g. 

 

Determination of sediment particle size distribution and TOM was carried out in the 

laboratory at City University of Hong Kong. Particle size analysis was carried out by the wet 

sieving method through a stack of sieves from 2000 to 63 µm, as follows: granule (>2000 

µm), very coarse sand (2000-1000 µm), coarse sand (1000-500 µm), medium sand (500-250 

µm), fine sand (250-125 µm), very fine sand (125-63 µm), and silt-clay (<63 µm). Particle 

size determination was carried out for one replicate per sampling station according to the 

Method Statement. 

 

For TOM analysis, all sediment samples were pre-treated with 35% hydrogen peroxide (H2O2) 

overnight to remove calcium carbonate. The percent TOM was calculated as the loss in 

weight of sediment after combustion at 500
o
C for 8 hours, as compared with samples dried at 

100
o
C. Two replicates of TOM determination per sediment sample were undertaken.  
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2.3  Quality Assurance/Quality Control  

 

Quality assurance/quality control (QA/QC) measures were instituted in ensuring the accuracy 

and reliability of the data obtained in the present study. These included supervision of all 

field sampling activities by qualified and experienced technicians. To ensure that animals 

from residues of all samples were sorted out for later identification, 10% of the sorted 

samples were randomly re-checked prior to being identified, counted and weighed. 10% of 

the specimens identified were also randomly re-checked for taxonomic identity, so as to 

ensure consistency in the species identification process. In processing all faunal samples in 

both surveys, no animals were missed during the sorting and identification stages.  

 

2.4  Data Preparation and Analyses 

 

All data were stored in MS EXCEL format and input into the PRIMER program version 6 

(Plymouth Marine Laboratory, UK) for subsequent statistical analyses.  

 

Sediment particle size parameters (i.e., median diameter (MDφ), quartile deviation (QDφ), 

inclusive graphic standard deviation (σ), inclusive graphic skewness (Skφ) and kurtosis (KG)) 

were calculated by best fitting an equation to the particle size distribution curve of each 

sediment sample using MS EXCEL or SPSS (Statistical Package for Social Sciences), to 

obtain the different φ values (φ = - log2 (particle size in mm)) at selected % frequencies.  

 

MDφ measures the average size of the sediment particle. A negative φ value corresponds to 

coarser sediments (gravel) whereas a positive φ value corresponds to finer sediments (+1φ = 

coarse sand, +2φ = medium sand, +3φ = fine sand, +4φ = very fine sand, +8φ = silt, >+8φ = 

clay).  

 

QDφ measures the number of φ units lying between the first and third quartile diameters (i.e., 

between the 25% and 75% points on the cumulative curve of the particle size distribution 

plot). Sediment with a small spread between the quartiles is regarded as being “well sorted” 

(i.e., well mixed between different types of particles). Another parameter that examines the 

sorting nature of the sediment is σ, which utilizes a wider spread between the 5% to 95% 

points on the cumulative curve. The following scale (from Buchanan, 1984) classifies the 

meaning of sorting into: 
 

< 0.35φ  very well sorted 

0.35φ - 0.50φ well sorted 

0.50φ - 0.71φ moderately well sorted 

0.71φ - 1.00φ moderately sorted 

1.00φ - 2.00φ poorly sorted 

2.00φ - 4.00φ very poorly sorted 

>4.00φ   extremely poorly sorted 

 

Skφ measures the symmetry of the spread in the cumulative curve of the particle distribution 

plot. If there is a tendency for the data to spread on one side more than the other, this 

asymmetry is referred to skewness. A positive Skφ indicates that the mean of the quartiles 

lies on the right of the MDφ while a negative Skφ would lie to the left of the MDφ. The 

following scale (from Buchanan, 1984) classifies the meaning of skewness into: 
 

+1.00φ - +0.30φ strongly fine skewed 
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+0.30φ - +0.10φ fine skewed 

+0.10φ - -0.10φ symmetrical 

-0.10φ - -0.30φ coarse skewed 

-0.30φ - -1.00φ strongly coarse skewed 

 

KG measures the departure from normal distribution in the cumulative curve of the particle 

size distribution plot. If the central portion of the frequency distribution is excessively peaked, 

the curve is termed leptokurtic, whereas if the curve is flat peaked, it is platykurtic. The 

following scale (from Buchanan, 1984) classifies the meaning of graphic kurtosis into: 
 

<0.67φ   very platykurtic  

0.67φ - 0.90φ platykurtic  

0.90φ - 1.11φ mesokurtic (nearly normal) 

1.11φ – 1.50φ leptokurtic  

1.50φ - 3.00φ very leptokurtic 

 

In addition to calculation of different sediment particle size parameters, Principal Component 

Analysis (PCA) was employed in delineating the spatial pattern among the sampling stations. 

PCA is a multivariate statistical technique using the correlations among the data (variables) to 

develop a small set of components (Principal Components, PC) that empirically summarizes 

the correlations among the variables (i.e., sediment particle size parameters). Prior to PCA, 

the sediment data were screened using correlation plots between pairs of sediment parameters. 

Parameters with significant correlations were excluded in subsequent PCA.  

 

For faunal data, the following biological statistics were calculated for the 5-pooled replicates 

per station, including species richness (d), diversity (H’) and evenness (J). Details of the 

formulation of these statistics are as follows: 

 

Species Richness (d) = (s – 1) / ln N (Margalef 1958)  

 

        s 

Species Diversity (H’) = - ∑ (Ni/N) ln (Ni/N) (Shannon and Weaver, 1963) 

        1    

 

Species Evenness (J) = H’ / ln s (Pielou, 1966) 

 

where s = total number of species; N = total number of individuals; Ni = number of 

individuals of the i
th

 species. 

 

Species richness, d, measures the number of species in a given habitat, biotope, community or 

assemblage in relation to individual number, whereas species diversity, H’, measures the 

variety of species in a community taking into account the number and relative abundance of 

species. Species evenness, J, examines how similar species and abundance is within a 

community and varies between 0 (low evenness, i.e., few species dominate in terms of 

abundance) to 1 (high evenness, i.e., all species have equal abundance).  

 

For delineation of spatial patterns (if any) of benthic assemblages at the 8 stations, 

multivariate statistical analyses were applied to the wet season data sets. Both cluster and 

non-metric Multi-Dimensional Scaling (MDS) analysis were employed in analysis of faunal 

data obtained. Cluster analysis is a computer-sorting technique to join sampling stations that 
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have similar faunal composition into a form of dendrogram (tree-like diagram), whereas 

MDS is an ordination method in which the variance of the faunal data is decomposed into 

derived factors and groupings of the sampling stations are produced along the axes of these 

factors. The significance of the grouping of stations formed in cluster analysis was examined 

by the ‘similarity profile’ (SIMPROF) permutation tests and the species representing the 

groupings were analyzed by ‘similarity percentage’ (SIMPER) procedure of PRIMER 

(Clarke and Gorley, 2006). The “stress value” of a MDS plot is to indicate how reliable the 

grouping of stations is. A “stress value” of <0.05 gives an excellent representation whereas a 

value of <0.1 corresponds to a good ordination of the station groupings (Clarke and Warwick, 

2001). Prior to subjecting the data set for cluster/MDS analyses, the faunal data were 

transformed and similarity index calculated. In the present analysis, a square-root 

transformation was used to reduce the skewed influence of individual high abundance 

numbers in the data set and the Bray-Curtis similarity index (Bray and Curtis, 1957) was used.  

 

Correlation between the station groups delineated from the cluster and MDS methods and 

sediment parameters was further analyzed using the ‘biotic to environmental’ (BIO-ENV) 

procedure from the PRIMER software (Plymouth Marine Laboratory, UK) on the species-

abundance and sediment datasets. BIO-ENV is to link biota to multivariate environmental 

patterns by matching the ordination plots (such as MDS plot) of biotic (e.g., species-

abundance) and abiotic data (e.g., sediment parameters) through the calculation of rank 

correlation between the two sets of data (Clarke and Warwick, 2001). 

 

The status of community disturbance was also assessed using the abundance/biomass 

comparison (ABC) method (Warwick, 1986; Warwick and Clarke, 1994). This method is 

based on the ecological theory that under stable unpolluted (environmentally undisturbed) 

conditions, where the benthic community is approaching equilibrium, the biomass will 

become increasingly dominated by one or a few large species, each represented by rather few 

individuals, which are in equilibrium with the available resources. In polluted 

(environmentally disturbed) conditions, the reverse occurs. Plots of the relative proportions of 

biomass and numbers attributable to each species, in which the species were ranked in order 

of importance on the x-axis (logarithmic scale) with percentage dominance on the y-axis 

(cumulative scale), were graphed, and the W statistic (Clarke, 1990) was computed for each 

sampling station. W measures the extent to which the biomass curve lies above the abundance 

curve. A positive W indicates ‘undisturbed’ conditions, whereas a negative W reflects 

‘disturbed’ conditions. 

 

For seasonal comparison, sediment parameters were analyzed using PCA whereas benthic 

community structure at the sampling stations were delineated using both cluster and MDS 

analyses. For univariate parameters, paired sample t-test was used to discern difference 

between the wet and dry season survey results.    

 

3  RESULTS 

 

3.1  Sediment Characteristics  

 

Table 2 lists the mean TOM content and particle size parameters analyzed from the sediment 

samples at the 8 stations, together with water depth measured at the time of sampling, for 

both wet and dry season surveys. Details of the data and the graphic plots of the sediment 

particle size distribution as well as the photographic records of the sediment can be referred 

to Annex 1.  
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Table 2. Water depth, TOM and particle size data in wet and dry season surveys 

 

Season Station 

Depth               

(m) 

Mean      

TOM (%) MDφ QDφ  σ Skφ KG 

B1 16 6.78 6.19  1.15  1.48  -0.20  0.81  

B2 31 2.43 5.39  1.70  2.38  -0.29  0.93  

B3 32 3.69 3.31  2.46  3.02  -0.04  0.74  

B4 31 5.36 6.14  1.18  1.53  -0.21  0.81  

B5 32 4.84 6.20  1.14  1.47  -0.20  0.80  

B6 27 5.31 6.18  1.15  1.48  -0.20  0.81  

B7 30.5 6.55 6.21  1.13  1.46  -0.20  0.80  

Wet 

(Aug. 

2006) 

B8 30 4.98 6.12  1.18  1.54  -0.21  0.81  

B1 18 7.70 6.02  1.26  1.65  -0.22  0.82  

B2 28 2.73 3.19  2.75  3.42  -0.11  0.75  

B3 29 4.43 5.55  1.57  2.13  -0.26  0.87  

B4 27 6.44 6.21  1.13  1.46  -0.20  0.80  

B5 27 7.40 6.20  1.14  1.47  -0.20  0.80  

B6 27 7.13 6.20  1.14  1.47  -0.20  0.80  

B7 28 7.18 6.23  1.12  1.45  -0.20  0.80  

Dry 

(Jan. 

2007) 

B8 28 5.20 6.16  1.16  1.51  -0.20  0.81  

 

 

In the wet season survey, the depth of sampling stations ranged from 16 (station B1) to 32 m 

(stations B3, B5). The mean TOM content ranged from 2.43% (station B2) to 6.78% (station 

B1). On average, the TOM content of marine sediments at these 8 stations was 4.99%. In the 

dry season survey, the depth of sampling stations ranged from 18 (station B1) to 29 m 

(station B3). The mean TOM content ranged from 2.73% (station B2) to 7.70% (station B1). 

On average, the TOM content of marine sediments at these 8 stations was 6.03%. Statistically, 

the mean TOM at the sampling stations in the dry season was significantly higher than that in 

the wet season (paired t-test, p<0.01).  

 

Table 2 also shows the particle size statistics at the 8 stations. In the wet season survey, the 

MDφ showed a range from 3.31φ (station B3) to 6.21φ (stations B7). Only the sediment at 

station B3 had MDφ less than 4φ, indicating that the sediment at this station was composed of 

coarser materials. All other stations had MDφ over 5φ, indicating that these stations were 

composed mostly of very find sand and silt/clay. The QDφ ranged from 1.13φ (station B7) to 

2.46φ (station B3), whereas the σ ranged from 1.46φ (station B7) to 3.02φ (station B3). Thus, 

sediments at all the stations were poorly sorted, except for stations B2 and B3, which were 

very poorly sorted. The Skφ ranged from -0.04φ (station B3) to –0.29φ (station B2). 

Sediments at all stations were coarse skewed (i.e., the coarse fraction was under-represented) 

in their cumulative distribution (see plots in Annex 1). The KG varied from 0.74φ (station B3) 

to 0.87φ (station B3). Sediments at all stations were classified as platykurtic (i.e., a flat peak 

in the frequency distribution of particle size classes), except for station B2, which was 
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regarded as mesokurtic (i.e., nearly normal “bell” shape in the frequency distribution of 

particle size classes).  

 

In the dry season survey, the MDφ showed a range from 3.19φ (station B2) to 6.23φ (stations 

B7). Only the sediment at station B2 had MDφ less than 4φ, indicating that the sediment at 

this station was composed of coarser materials. All other stations had MDφ over 5φ, 

indicating that these stations were composed mostly of very find sand and silt/clay. The QDφ 

ranged from 1.12φ (station B7) to 2.75φ (station B2), whereas the σ ranged from 1.45φ 

(station B7) to 3.42φ (station B2). Thus, sediments at all the stations were poorly sorted, 

except for stations B2 and B3, which were very poorly sorted. The Skφ ranged from -0.11φ 

(station B2) to –0.26φ (station B3). Sediments at all stations were coarse skewed (i.e., the 

coarse fraction was under-represented) in their cumulative distribution (see plots in Annex 1). 

The KG varied from 0.75φ (station B2) to 0.87φ (station B3). Sediments at all stations were 

also classified as platykurtic. 

 

When comparing the sediment particle size characteristics, varying values were obtained at 

stations B2 and B3 in the wet and dry season survey. This suggested that these two stations 

could be on heterogeneous sediments. However, results of t-test showed no statistical 

differences for all the particle size parameters between the wet and dry season surveys. 

 

Sediment samples collected at all stations in both wet and dry season surveys showed pale 

grey in colour and did not emit pungent smell. 

  

3.2  Faunal Composition  

 

The wet season survey produced a total of 1,498 specimens with 92 species in 8 phyla. This 

included 1 species of nemertean, 51 annelids (polychaetes), 1 sipunculan, 9 molluscs (8 

bivalves, 1 gastropod), 20 arthropods (crustaceans), 1 phoronid, 3 echinoderms, 1 

cephalochordate and 5 osteichthyes (fish). A complete list of the species recorded is shown in 

the species list in Annex 2. Polychaete annelids, crustaceans and bivalves were by far the 

most abundant animal groups collected, comprising 55.4%, 21.7% and 9.8% of the total 

species respectively.  

 

The dry season survey produced a total of 1,856 specimens with 85 species in 9 phyla. This 

included 1 species of nemertean, 49 annelids (polychaetes), 1 sipunculan, 1 echiuran, 8 

molluscs (bivalves), 19 arthropods (crustaceans), 1 phoronid, 2 echinoderms, and 3 

osteichthyes (fish). A complete list of the species recorded is shown in the species list in 

Annex 2. Polychaete annelids, crustaceans and bivalves were by far the most abundant 

animal groups collected, comprising 57.6%, 22.4% and 9.4% of the total species respectively.  

 

From both surveys, 3,354 specimens and 107 species in 9 phyla were recorded. This included 

1 species of nemertean, 55annelids (polychaetes), 1 sipunculan, 1 echiuran, 13 molluscs (12 

bivalves, 1 gastropod), 25 arthropods (crustaceans), 1 phoronid, 3 echinoderms, 1 

cephalochordate and 6 osteichthyes (fish). A complete list of the species recorded is also 

shown in the species list in Annex 2. Of these species, 71 (66.3%) were recorded in both 

surveys, 22 (20.6%) were only recorded in the wet and 14 (13.1%) in the dry season survey. 

Polychaete annelids, crustaceans and bivalves were by far the most abundant animal groups 

collected, comprising 55.4%, 21.7% and 9.8% of the total species respectively.  
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Table 3 summarizes the number of species and individuals, and biomass obtained at each 

sampling station both in the wet and dry season surveys. In the wet season survey, species 

number recorded (0.5 m
-2

) varied from 18 (station B1) to 46 (station B2), whereas individual 

number ranged from 264 (station B4) to 546 m
-2

 (station B3). For biomass (wet weight) 

determination, the lowest record was at station B1 with a total of 1.77 g and highest at station 

B2 with a total of 39.83 g m
-2

. On average, there were 33.5 species, 374.5 individuals m
-2

 and 

11.86 g m
-2 

per station. The detailed data on species and biomass per sampling station are 

also appended in Annex 2. In the dry season survey, species number recorded (0.5 m
-2

) varied 

from 14 (station B1) to 53 (station B3), whereas individual number ranged from 40 (station 

B1) to 378 m
-2

 (station B3). For biomass (wet weight) determination, the lowest record was at 

station B1 with a total of 0.27 g and highest at station B3 with a total of 19.55 g m
-2

. On 

average, there were 27.6 species, 232.0 individuals m
-2

 and 8.21 g m
-2 

per station. The 

detailed data on species and biomass per sampling station are also appended in Annex 2. 

 

When comparing the species, individual and biomass data between the wet and dry season 

surveys, significantly higher individual numbers were recorded at sampling stations in the 

wet than that in the dry season (t-test, p<0.05).  

 

 

Table 3. Summary of species, individuals and biomass recorded at each station in wet 

and dry season surveys 

 

Season Station 

No. of species 

(0.5 m
-2

) 

No. of individuals 

(m
-2

) 

Wet weight 

(g m
-2

) 

B1 18 468 1.77  

B2 46 538 39.83  

B3 41 546 7.38  

B4 34 264 16.99  

B5 37 326 4.80  

B6 29 296 4.98  

B7 31 276 7.35  

Wet (Aug. 

2006) 

B8 32 282 11.79  

B1 14 40 0.27  

B2 46 332 8.37  

B3 53 378 19.55  

B4 19 182 2.69  

B5 26 288 15.65  

B6 24 196 3.68  

B7 17 204 1.69  

Dry (Jan. 

2007) 

B8 22 236 13.79  
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Table 4 lists 28 species which occurred ≥50% of the 8 sampling stations, with their mean 

number and biomass in the wet season survey. The most common, ubiquitous species were 

the sipunculan Apionsoma trichocephalus and nemertean species which occurred at all 8 

stations, followed by the polychaetes Magelona sp., Aglaophamus dibranchis and crustacean 

(ghost shrimp) Callianassa japonica which occurred at 7 out of 8 sampling stations. The 

mean densities and biomass of these species at these stations ranged from 3.0 to 60.0 m
-2

 and 

0.01 to 0.38 g m
-2

, respectively.  

 

Table 5 lists 20 species which occurred ≥50% of the 8 sampling stations, with their mean 

number and biomass in the dry season survey. The most common, ubiquitous species were 

the sipunculan Apionsoma trichocephalus, crustaceans Callianassa japonica and amphipod 

species, and nemertean species which occurred at all 8 stations, followed by the polychaetes 

Aglaophamus dibranchis and Cossurella dimorpha, and echinoderm (brittle starfish) 

Amphiura hexactis which occurred at 7 of the 8 sampling stations. The mean densities and 

biomass of these species at these stations ranged from 2.5 to 76.0 m
-2

 and 0.01 to 1.23 g m
-2

, 

respectively.  

 

Table 6 summarizes the 20 species which occurred ≥50% of the 8 sampling stations in both 

wet and dry season surveys. Only 2 species were common (100% occurrence) in both surveys, 

including the sipunculan Apionsoma trichocephalus and nemertean species, followed by the 

crustacean (ghost shrimp) Callianassa japonica (93.8% occurrence) and the polychaete 

Aglaophamus dibranchis and crustacean amphipod species (87.5% occurrence). The mean 

densities and biomass of these species at these stations ranged from 3.0 to 68.0 m
-2

 and 0.01 

to 0.77 g m
-2

, respectively.  

  

3.3  Species with High Conservation Value 

 

In the wet season survey, the cephalochordate (amphioxus) Branchiostoma belcheri is of 

particular importance in terms of high conservation value. B. belcheri has been an important 

fishery resource in coastal waters of South China Sea, especially near Xiamen (Lu et al., 

1998), and is classified as a second priority protection species in China (Huang, 2006). B. 

belcheri was recorded at stations B2 and B3. At station B2, 3 individuals were collected in 

the 5-pooled grab samples whereas at B3, 32 were collected. The body length of these 

specimens ranged from 5.5 to 7 mm, with a mean of 6.1 mm. Based on our unpublished data 

on the biology of B. belcheri in Hong Kong, this body length was estimated at less than half 

year of age and considered juveniles as the life span of B. belcheri is about 2.5-3 years.    

 

In the dry season survey, however, there were no records of B. belcheri from all the sampling 

stations. 
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Table 4. The most common occurring species in wet season survey 

 

Group Species % occurrence 

(of 8 stations) 

Mean density (no. 

m
-2

) 

Mean biomass 

( g  m
-2

) 

S Apionsoma trichocephalus 100 60.0 0.14 

N Nemertean spp. 100 18.5 0.07 

P Magelona sp. 87.5 4.9 0.02 

P Aglaophamus dibranchis 87.5 17.1 0.05 

C Callianassa japonica 87.5 9.1 0.16 

P Tharyx sp. 75 21.3 0.06 

P Cossurella dimorpha 75 6.0 0.02 

P Paralacydonia paradox 75 4.7 0.01 

Ph Phoronis sp. 75 12.0 0.01 

E Amphiura hexactis 75 3.0 0.02 

C Typhlocarcinops canaliculata 75 3.0 0.17 

C  Amphipod spp. 75 4.7 0.01 

F Bregmaceros macclellandi 75 3.0 0.03 

P Mediomastus sp. 62.5 7.2 0.01 

P Cirriformia sp. 62.5 10.4 0.38 

P Lumbrineris shiinoi 62.5 4.4 0.02 

P Aglaophamus sinensis 62.5 4.8 0.05 

 62.5 3.6 0.01 

P Prionospio saccifera 62.5 5.2 0.01 

P Sternaspis scutata 62.5 4.4 0.34 

P Loimia bandera 62.5 7.6 0.08 

C Copepod spp. 62.5 36.8 0.01 

P Anobothrus sp. 50 3.0 0.01 

P Paraprionospio pinnata 50 4.5 0.01 

P Rhynchospio sp. 50 12.5 0.04 

C Alpheus brevicristatus 50 3.0 0.04 

C Leptochela aculeocaudata 50 3.0 0.06 

F Odontamblyopus sp. 50 3.5 0.30 

F = Fish, C = Crustacea, N = Nemertea, P = Polychaeta, Ph = Phoronida, S = Sipuncula 

 

 

P Sigambra hanaokai
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Table 5. The most common occurring species in dry season survey 

 

Group Species % occurrence 

(of 8 stations) 

Mean density 

(no. m
-2

) 

Mean biomass 

( g  m
-2

) 

S   Apionsoma trichocephalus 100 76.0 0.15 

C   Callianassa japonica 100 14.5 0.12 

C   Amphipod spp. 100 12.3 0.01 

N   Nemertean spp. 100 10.5 0.12 

P   Aglaophamus dibranchis 87.5 8.3 0.01 

E   Amphiura hexactis 87.5 4.3 0.02 

P   Cossurella dimorpha 87.5 4.3 0.03 

P   Magelona sp. 75 5.3 0.03 

P   Lumbrineris nagae 75 3.0 0.24 

P   Glycera chirori 62.5 11.6 0.58 

P   Tharyx sp. 62.5 7.2 0.01 

C   Xenophthalmus pinnotheroides 62.5 6.8 0.95 

P   Mediomastus sp. 62.5 3.2 0.13 

P   Sternaspis sculata 62.5 2.8 0.02 

P   Leonnates persica 50 5.5 0.02 

P   Laonice cirrata 50 4.0 0.24 

P   Prionospio saccifera  50 4.0 0.02 

P   Loimia bandera 50 3.5 0.29 

F   Odontamblyopus sp. 50 3.0 1.23 

P   Phylo ornatus 50 2.5 0.01 

E = Echinodermata, F = Fish, C = Crustacea, N = Nemertea, P = Polychaeta, S = Sipuncula 
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Table 6. The most common occurring species in wet and dry season surveys 

 

Group Species % occurrence 

(of 8 stations in 

2 seasons) 

Mean density 

(no. m
-2

) 

Mean biomass 

( g  m
-2

) 

S   Apionsoma trichocephalus 100 68.0 0.15 

N   Nemertean spp. 100 14.5 0.10 

C   Callianassa japonica 93.8 12.0 0.14 

P   Aglaophamus dibranchis 87.5 12.7 0.03 

C   Amphipod spp. 87.5 9.0 0.01 

P   Cossurella dimorpha 81.3 5.1 0.03 

P   Magelona sp. 81.3 5.1 0.02 

E   Amphiura hexactis 81.3 3.7 0.02 

P   Tharyx sp. 68.8 14.9 0.04 

P   Mediomastus sp. 62.5 5.2 0.07 

P   Sternaspis sculata 62.5 3.6 0.18 

P   Loimia bandera 56.3 5.8 0.18 

P   Prionospio saccifera  56.3 4.7 0.01 

P   Paralacydonia paradox 56.3 4.7 0.01 

P   Lumbrineris nagae 56.3 2.9 0.18 

Ph   Phoronis sp. 50 10.0 0.01 

P   Lumbrineris shiinoi 50 4.0 0.02 

P   Sigambra hanaokai 50 3.3 0.01 

F   Odontamblyopus sp. 50 3.3 0.77 

C   Typhlocarcinops canaliculata 50 3.0 0.39 

F = Fish, C = Crustacea, E = Echinodermata, N = Nemertea, P = Polychaeta, Ph = Phoronida, 

S= Sipuncula  

 

 

4  ANALYSIS OF SURVEY DATA 

 

4.1  Environmental Parameters 

 

In this study, the major environmental parameters analyzed included sediment particle size 

distribution and total organic matter (TOM). In total, 7 parameters were extracted from the 

depth and sediment data (Table 2). Of these, the quartile deviation (QDφ) and inclusive 

graphic standard deviation (σ) are closely related to each other, as QDφ measures the number 

of φ units lying between the first and third quartile diameters (i.e., between the 25% and 75% 

points on the cumulative curve of the particle size distribution plot) whereas σ measures the 

sorting nature of the sediment, based on a wider spread between the 5% to 95% points on the 

cumulative curve. This was confirmed by the correlation plots between pairs of sediment 

parameters, in which the data points of QDφ and σ fell closely into a straight line (correlation 

coefficient = 0.99) for both the wet and dry season surveys. By excluding QDφ, a dataset of 6 

sediment parameters was subjected to PCA.  



 

14 

Table 7 shows the results of PCA whereas Figure 2 is a 2-D plot of the PCA results based on 

the first two Principal Components (PC1 and PC2) of the wet season survey data. According 

to the coefficients of the variables from PCA (Table 7), stations with positive scores along 

PC1 had high mean MDφ and TOM values, whereas stations with positive scores along PC2 

had high TOM and Skφ values. It is apparent that total organic matter, median diameter and 

skewness of the particle size distribution of the sediments were important parameters to 

differentiate the sampling stations in the survey. Six of the sampling stations (B1, B4-B8) 

tended to group closer than the remaining 2 stations B2 and B3. These 6 stations had higher 

MDφ and TOM values. Station B2 had lower TOM, whereas station B3 had lower MDφ and 

TOM levels. 

 

Table 7. Results of PCA on water depth and sediment data in wet season survey 

 

 PC1 PC2 PC3 PC4 

Eigen value 3.13  2.03  0.77  0.07  

% variation 52.1  33.9  12.8  1.2  

Cumulative % variation 52.1  86.0  98.8  100.0  

Coefficients in the linear combinations of variables making up PC's) 

Depth -0.281  -0.277 -0.879  -0.268  

Mean TOM 0.369 0.510 -0.042 -0.776  

Median diameter (MDφ) 0.551  -0.049  -0.234  0.233  

Inclusive graphic SD (σ) -0.528 -0.139  0.322  -0.359  

Inclusive graphic skewness (Skφ) -0.413  0.478  -0.053  0.102 

Graphic kurtosis (KG) 0.180 -0.642  0.255 -0.364 

 

Figure 2. PCA plot of sampling stations based on sediment data in wet season 

survey  
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Table 8 shows the results of PCA whereas Figure 3 is a 2-D plot of the PCA results based on 

the first two PC1 and PC2 of the dry season survey data. Results were generally in line with 

that from the wet season survey. Total organic matter, median diameter and skewness of the 

particle size distribution of the sediments were also important parameters to differentiate the 

sampling stations in the dry season survey. Six of the sampling stations (B1, B4-B8) tended 

to group closer than the remaining 2 stations B2 and B3. These 6 stations had higher MDφ 

and TOM values. Station B3 had lower TOM, whereas station B2 had lower MDφ and TOM 

levels. 

 

Table 8. Results of PCA on water depth and sediment data in dry season survey 

 

 PC1 PC2 PC3 PC4 

Eigen value 3.73  0.87  0.59  0.08  

% variation 70.8  16.5  11.2  1.5  

Cumulative % variation 70.8  87.3  98.5  100.0  

Coefficients in the linear combinations of variables making up PC's) 

Depth -0.132  -0.388  -0.813  -0.411  

Mean TOM 0.498  0.456  0.073  -0.733  

Median diameter (MDφ) 0.535  -0.061  -0.217  0.296  

Inclusive graphic SD (σ) -0.559  -0.061  0.316  -0.390  

Inclusive graphic skewness (Skφ) -0.299  0.485  -0.244  0.057  

Graphic kurtosis (KG) 0.214  -0.631  0.356  -0.224  

 

 

 

Figure 3. PCA plot of sampling stations based on sediment data in dry 

season survey (D = dry season sampling) 
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Table 9 shows the results of PCA whereas Figure 4 is a 2-D plot of the PCA results based on 

the first two PC1 and PC2 of both wet and dry season survey data. Total organic matter, 

median diameter and skewness of the particle size distribution of the sediments were 

important parameters to differentiate the sampling stations in both surveys. Six of the 

sampling stations (B1, B4-B8) tended to group closer with higher MDφ and TOM values, 

suggesting that there was minimal seasonal difference among them. However, the TOM and 

MDφ values varied significantly between the wet and dry season surveys, as evident from the 

separation of the same station in the wet and dry season surveys.  

 

Table 9. Results of PCA on water depth and sediment data 

in wet and dry season surveys 

 

  PC1 PC2 PC3 PC4 PC5 

Eigen value 3.31  1.71  0.83  0.13  0.03  

% variation 55.1  28.4  13.8  2.1  0.5  

Cumulative % variation 55.1  83.5  97.4  99.5  100.0  

Coefficients in the linear combinations of variables making up PC's    

Depth (m) -0.228  -0.359  -0.848  -0.309  -0.071  

Mean TOM (%) 0.393  0.491  -0.027  -0.775  -0.059  

Median Diameter (MDφ)  0.531  0.016  -0.258  0.289  0.007  

Inclusive graphic SD (σ) -0.503  -0.160  0.352  -0.343  -0.322  

Inclusive graphic skewness (Skφ) -0.434  0.450  -0.141  0.015  0.731  

Graphic kurtosis (KG) 0.266  -0.634  0.264  -0.321  0.595  
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Figure 4. PCA plot of sampling stations based on sediment data in wet and 

dry season surveys (● = wet season; × = dry season) 
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4.2  Community Spatial Pattern 

 

4.2.1 Biological Indices 

 

Table 10 lists the values of species richness (d), diversity (H’) and evenness (J) calculated for 

each sampling station for the wet and dry season surveys.  

 

Table 10. Univariate statistics of each sampling station in wet and dry season surveys 

 

Season Station d H' J 

B1 2.76 0.97 0.34 

B2 7.16 3.05 0.80 

B3 6.35 2.65 0.71 

B4 5.92 2.59 0.73 

B5 6.22 2.66 0.74 

B6 4.92 2.41 0.71 

B7 5.34 2.70 0.79 

Wet (Aug. 

2006) 

B8 5.49 2.80 0.81 

B1 3.52 2.53 0.96 

B2 7.75 3.32 0.87 

B3 8.76 3.43 0.86 

B4 3.46 2.19 0.74 

B5 4.41 1.91 0.58 

B6 4.36 2.32 0.73 

B7 3.01 1.85 0.65 

Dry (Jan. 

2007) 

B8 3.84 1.81 0.59 

 

In the wet season survey, the values of d ranged from 2.76 (station B1) to 7.16 (station B2), 

H’ from 0.97 (station B1) to 3.05 (station B2) and J from 0.34 (station B1) to 0.81 (station 

B8). Of these 8 stations, the highest species diversity was found at station B2, followed by 

station B8. Station B1 had the lowest species diversity and evenness, suggesting that this 

station was dominated by few numerically abundant species in the sediment samples. Shrimp 

larvae and nemertean spp. were most abundant at this station, accounting to 372 and 34 m
-2

, 

respectively.  

 

In the dry season survey, the values of d ranged from 3.01 (station B7) to 8.76 (station B3), 

H’ from 1.81 (station B8) to 3.43 (station B3) and J from 0.59 (station B8) to 0.96 (station 

B1). Of these 8 stations, the highest species diversity was found at station B3, followed by 

station B2. Stations B5, B7 and B8 had the lower species diversity and evenness as compared 

to the other stations, suggesting that these sites were dominated by few numerically abundant 

species in the sediment samples. The sipunculan Apionsoma trichocephalus and crustacean 

Callianassa japonica were most abundant at these stations, ranging from 98-166 and 10-34 

m
-2

, respectively.  

 

From both surveys, except for station B1 in the wet season survey and stations B5, B7 and B8 

in the dry season survey, the remaining stations had H’ over 2.00 with the highest value of 

3.43, suggesting that the benthic infauna in the study area was relatively diverse as compared 

to Kingston Harbour, Jamaica (Wade, 1972), Baja California, USA (Calderon-Aguilera, 

1992), Tahiti, French Polynesia, and central Pacific (Frouin and Hutchings, 2001).  
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4.2.2 Delineation of Spatial Pattern 

 

Figure 5 shows the dendrogram of faunal similarity among the 8 stations based on the results 

of cluster analysis of the wet season survey data. Based on the results of SIMPROF test, two 

station groups (B2-B3, B4-B8) and 1 standalone station B1 were identified from the species 

composition. MDS analysis also showed a similar grouping pattern (Fig. 6), in which the 

position of stations B2 and B3, and stations B4-B8 was delineated clearly from station B1.  

 

Table 11 summarizes the typical species (in terms of their abundance) for these 2 station 

groups in the wet season survey. Group B2-B3 was represented by the polychaetes 

Prionospio malmgreni, Amaeana sp., Marphysa stragulum, Glycera chirori, Cirriformia sp., 

Tharyx sp. and Ophiodromus obscura, nemertean spp. and sipulcuan Apionsoma 

trichocephalus. Group B4-B8 was dominated by the polychaete Aglaophamus dibranchis, 

crustaceans copepod spp. and Callianassa japonica, sipunculan Apionsoma trichocephalus, 

nemertean spp. and phoronid Phoronis sp.. The standalone station B1 was dominated by 

shrimp larvae.  

 

Figure 7 shows the dendrogram of faunal similarity among the 8 stations based on the results 

of cluster analysis of the dry season survey data. Based on the results of SIMPROF test, two 

station groups (B2-B3, B4-B8) and 1 standalone station B1 were identified from the species 

composition. MDS analysis also showed a similar grouping pattern (Fig. 8), in which the 

position of stations B2 and B3, and stations B4-B8 was delineated clearly from station B1.  

 

Table 12 summarizes the typical species (in terms of their abundance) for these 2 station 

groups in the dry season survey. Group B2-B3 was represented by the polychaetes 

Prionospio malmgreni, Glycera chirori, Tharyx sp., Magelona sp., Loimia ingens, 

Paralacydonia paradoxa, Eunice indica and Marphysa sanguinea, the crustacean amphipod 

spp. and sipulcuan Apionsoma trichocephalus. Group B4-B8 was dominated by the 

sipunculan Apionsoma trichocephalus, nemertean spp., crustacean Callianassa japonica, and   

polychaete Aglaophamus dibranchis. The standalone station B1 had impoverished infauna.  

 

4.2.3 Delineation of Seasonal Pattern 

 

To discern seasonal pattern, community data from both wet and dry season surveys were 

subjected to cluster and MDS analyses. Figure 8 shows the dendrogram of faunal similarity 

among the 8 stations based on the results of cluster analysis of both wet and dry season 

survey data. Based on the results of SIMPROF test, three station groups (B1, B2-B3, B4-B8) 

were identified from the species composition. MDS analysis also showed a similar grouping 

pattern (Fig. 10), in which the position of stations B2 and B3, and stations B4-B8 was 

delineated clearly from station B1. From both analyzes, it was apparent that members within 

these Groups B1, B2-B3 and B4-B8 comprised both wet and dry survey data at the same 

sampling stations. The present results thus suggested that seasonal changes at these sampling 

stations were minimal.   
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Figure 5. Dendrogram of station groupings in wet season survey (solid 

lines represent significant delineation of groupings by SIMPROF test) 

 

 
Figure 6. MDS plot of sampling stations in wet season survey 
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Table 11. Species contribution to station groups in wet season survey 

(only species with cumulative % contribution to faunal similarity ≥ 50% are included) 

 

Faunal 

group 

Species Mean 

abundance (m
-

2
) 

% contribution to 

faunal similarity 

within group 

Cumulative % 

contribution to 

faunal similarity 

within group 

Group B2-B3 

P Prionospio malmgreni 11.1 10.4 10.4 

P Amaeana sp. 7.0 8.6 19.0 

P Marphysa stragulum 5.9 6.9 25.9 

P Glycera chirori 4.7 5.1 31.0 

S Apionsoma trichocephalus 4.7 5.1 36.1 

P Cirriformia sp. 4.6 4.7 40.8 

P Tharyx sp. 6.8 4.7 45.5 

P Ophiodromus obscura 3.2 3.6 49.1 

N Nemertean spp. 3.2 3.6 52.7 

Group B4-B8 

S Apionsoma trichocephalus 9.2 17.3 17.3 

C Copepod spp. 5.6 8.9 26.2 

P Aglaophamus dibranchis 4.6 8.3 34.5 

N Nemertean spp. 4.3 8.0 42.5 

Ph Phoronis sp. 3.6 5.8 48.3 

C Callianassa japonica 2.8 4.7 53.0 

C = Crustacea, N = Nemertea, P = Polychaeta, Ph = Phoronida, S = Sipuncula  
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Figure 7. Dendrogram of station groupings in dry season survey (solid lines 

represent significant delineation of groupings by SIMPROF test) 

Figure 8. MDS plot of sampling stations in dry season survey 
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Table 12. Species contribution to station groups in dry season survey 

(only species with cumulative % contribution to faunal similarity ≥ 50% are included) 

 

Faunal 

group 

Species Mean 

abundance (m
-

2
) 

% contribution to 

faunal similarity 

within group 

Cumulative % 

contribution to 

faunal similarity 

within group 

Group B2-B3 

P  Prionospio malmgreni 6.5 8.8 8.8 

C  Amphipod spp. 5.9 8.8 17.5 

P  Glycera chirori 5.0 6.9 24.4 

S  Apionsoma trichocephalus 4.6 5.4 29.8 

P  Tharyx sp. 3.8 4.4 34.2 

P  Magelona sp. 2.5 3.8 38.0 

P  Loimia ingens 3.0 3.8 41.7 

P  Paralacydonia paradoxa 2.5 3.8 45.5 

P  Eunice indica 3.0 3.1 48.6 

P  Marphysa sanguinea 2.7 3.1 51.7 

Group B4-B8 

S  Apionsoma trichocephalus 10.5 28.0 28.0 

C  Callianassa japonica 4.6 12.0 40.0 

P  Aglaophamus dibranchis 3.2 8.8 48.8 

N  Nemertean spp. 3.5 8.7 57.5 

C = Crustacea, N = Nemertea, P = Polychaeta, S = Sipuncula  

 

 

Table 13 summarizes the typical species (in terms of their abundance) for these 3 station 

groups in both wet and dry season surveys. Group B1 was represented by the polychaetes 

Lumbrinereis shiinoi and Aglaophamus dibranchis, sipunculan Apionsoma trichocephalus, 

and nemertean spp.. Group B2-B3 was dominated by the polychaetes Prionospio malmgreni, 

Glycera chirori, Tharyx sp., Marphysa sanguinea, Loimia ingens, Magelona sp. and 

Paralacydonia paradoxa, sipunculan Apionsoma trichocephalus, the crustacean amphipod 

spp. and nemertean spp.. This group was most diverse among the three station groups. Group 

B4-B8 was characterized by the sipunculan Apionsoma trichocephalus, nemertean spp., 

polychaete Aglaophamus dibranchis, and crustacean (ghost shrimp) Callianassa japonica.  
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Figure 9. Dendrogram of station groupings in wet and dry season surveys (solid 

lines represent significant delineation of groupings by SIMPROF test. W = wet season 

survey; D = dry season survey) 
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Figure 10. MDS plot of sampling stations in wet and dry season surveys 

(● = wet season; × = dry season) 
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Table 13. Species contribution to station groups in wet and dry season surveys 

 

Faunal 

group 

Species Mean 

abundance 

(m
-2

) 

% contribution to 

faunal similarity 

within group 

Cumulative % 

contribution to faunal 

similarity within 

group 

Group B1  

P  Lumbrinereis shiinoi 2.45 14.09 14.09 

N  Nemertean spp. 4.14 14.09 28.18 

P  Aglaophamus dibranchis 2.73 11.50 39.69 

S  Apionsoma trichocephalus 2.00 11.50 51.19 

Group B2 - B3       

P  Prionospio malmgreni 8.79 10.07 10.07 

P  Glycera chirori 4.81 6.63 16.70 

S  Apionsoma trichocephalus 4.65 6.05 22.75 

P  Tharyx sp. 5.26 5.24 28.00 

C  Amphipod spp. 4.39 4.90 32.89 

P  Marphysa stragulum 4.09 4.01 36.90 

P  Loimia ingens 2.80 3.82 40.72 

P  Magelona sp. 2.54 3.72 44.44 

N  Nemertean spp. 2.78 3.65 48.09 

P  Paralacydonia paradoxa 2.43 3.38 51.47 

Group B4 - B8       

S  Apionsoma trichocephalus 9.83 24.53 24.53 

N  Nemertean spp. 3.90 9.19 33.72 

P  Aglaophamus dibranchis 3.87 9.04 42.76 

C  Callianassa japonica 3.66 8.23 50.99 

C = Crustacea, N = Nemertea, P = Polychaeta, S = Sipuncula   
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4.2.4 Abundance and Biomass Comparison (ABC) Plots       

 

Table 14 shows the W statistic obtained from the ABC plot at each sampling station in the 

wet and dry season surveys. Details of the plots can be referred to Annex 3. 

 

Table 14. Summary of W statistic from wet and dry surveys 

 

Station W Station  W 

Wet season survey 

B1 -0.25 B5 0.15 

B2 0.31 B6 0.26 

B3 0.11 B7 0.25 

B4 0.30 B8 0.29 

Dry season durvey 

B1 0.49 B5 0.19 

B2 0.24 B6 0.10 

B3 0.25 B7 -0.07 

B4 0.18 B8 0.17 

 

 

In the wet season survey, except for station B1 which had a negative W value, other stations 

showed positive W values ranging from 0.106 to 0.308. According to Warwick and Clarke 

(1994), a negative W value suggested “disturbed” state in the sediment and W value <0.1 

“moderately disturbed”. From the above data, except for station B1, all other stations were 

considered “undisturbed”.    

 

In the dry season survey, except for station B7 which had a negative W value, other stations 

showed positive W values ranging from 0.10 to 0.49. According to Warwick and Clarke 

(1994), a negative W value suggested “disturbed” state in the sediment and W value <0.1 

“moderately disturbed”. From the above data, except for station B7, all other stations were 

considered “undisturbed”.    

 

All in all, with few exceptions noted at both the wet and dry season surveys, the sediment 

quality of the study area appeared to be “undisturbed”.        
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4.3  Correlation Between Benthic Assemblages and Sediment Parameters 

 

From the wet season survey data, the BIO-ENV program results showed that water depth and 

sediment inclusive graphic standard deviation (σ) had the best correlation (Spearman rank 

correlation = 0.85) to explain the station groups. Figures 11 and 12 show the bubble plots of 

these two parameters superimposed on the MDS plot of Figure 6. The larger the size of the 

bubble, the higher is the value of the physical parameter. In general, station B1 had shallower 

depth (Fig. 11) whereas station group B2-B3 had larger σ values (Fig. 12).      

 

From the dry season survey data, the BIO-ENV program results showed that water depth and 

sediment TOM had the best correlation (Spearman rank correlation = 0.72) to explain the 

station groups. Figures 13 and 14 show the bubble plots of these two parameters 

superimposed on the MDS plot of Figure 8. The larger the size of the bubble, the higher is the 

value of the physical parameter. In general, station B1 had shallower depth (Fig. 13) whereas 

station group B2-B3 had lower TOM values (Fig. 14).   

 

From both the wet and dry season survey data, the BIO-ENV program results showed that 

water depth and sediment inclusive graphic standard deviation (σ) had the best correlation 

(Spearman rank correlation = 0.79) to explain the station groups. Figures 15 and 16 show the 

bubble plots of these two parameters superimposed on the MDS plot of Figure 10. The larger 

the size of the bubble, the higher is the value of the physical parameter. In general, station B1 

had shallower depth (Fig. 15) whereas station group B2-B3 had larger σ values (Fig. 16).      

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Bubble plot of superimposing water depth on the sampling stations 

based on MDS in wet season survey 
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Figure 13. Bubble plot of superimposing water depth on the sampling stations 

based on MDS in dry season survey 
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Figure 12. Bubble plot of superimposing sediment inclusive graphic standard 

deviation (σσσσ) on the sampling stations based on MDS in wet season survey 
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Figure 14. Bubble plot of superimposing sediment TOM on the sampling stations 

based on MDS in dry season survey 
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 Figure 15. Bubble plot of superimposing water depth on the sampling stations 

based on MDS in wet and dry season surveys (W = wet season survey: D = dry 

season survey) 
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4.4  General Observations  

 

Significantly higher sediment TOM was noted at the sampling stations in the dry as compared 

to that in the wet season survey. However, more individuals of the infauna were found in the 

wet than the dry season survey.  

 

Polychaete annelids comprised the bulk of benthic species. Other dominant species included 

small crabs and shells. Of the 107 species recorded in both surveys, some 66% of them 

occurred in both August and January samplings, suggesting that most of these species were 

common in the study area. The community structure of the study area was generally divided 

into 3 station groups: B1 close to the Tathong Channel, B2-B3 south of the Nine Pins, and 

B4-B8 in Mirs Bay. However, no seasonal pattern could be discernible from the survey 

results within these station groups.     

 

Overall, the benthic communities in the survey area are relatively diverse, except at station 

B1, at which a high abundance of shrimp larvae was recorded in the August sampling, and 

stations B5, B7 and B8, which had relatively lower species diversity in the January sampling. 

In the wet season survey, the occurrence of abundant shrimp larvae was possibly a transient 

phenomenon. If these larvae were omitted from the data, a higher species diversity and 

evenness would be registered, d = 3.50, H’ = 2.26 and J = 0.80, and comparable to other 

sampling stations. The W statistic would be +0.11, which was considered relatively 

“undisturbed” as at other sampling stations. In the dry season survey, only station B7 showed 

a slightly negative value of W statistic, which was regarded “moderately disturbed” in 

sediment quality.   
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 Figure 16. Bubble plot of superimposing sediment inclusive graphic standard 

deviation (σσσσ) on the sampling stations based on MDS in wet and dry season 
surveys (W = wet season survey: D = dry season survey) 
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 Apart from water depth, the spatial pattern of the benthic composition in the wet season 

survey was best correlated with the inclusive graphic standard deviation (σ), or the degree of 

sorting, of the sediments. However, the spatial pattern of the benthic composition in the dry 

season sampling was best correlated with total organic matter of the sediments. Overall, when 

both survey results were analyzed, water depth and sorting of sediments were best correlated 

with the community pattern. 

 

Of all the species recorded, the cephalochordate (amphioxus) Branchiostoma belcheri is of 

high conservation value in Hong Kong waters. Amphioxus is small, eel-like animals that 

spend much of their time buried in sand. They are one of the primitive forms of chordates, 

and, because of their remarkable morphology, they help scientists to understand the 

morphological changes during evolution from invertebrates to vertebrates. It is a second 

priority protection species in China (Huang, 2006) and listed in the registry of “Endangered 

Animals of Japanese Marine and Fresh Water Organisms” issued by the Japan Fisheries 

Resource Conservation Association (Kubokawa et al., 1998). B. belcheri was recorded at 

stations B2 and B3 in the wet season survey. The specimens obtained were juveniles, less 

than half year old. In the dry season survey, there was no record of B. belcheri found at all the 

sampling stations.  

 

One location (B3) with a density of 64 m
-2

 was recorded in the wet (summer) survey only. In 

comparison to a previous study (CCPC, 2002), densities of amphioxus up to some 100 m
-2

 

were found at sampling points near Tai Long Wan, Sai Kung (CCPC, 2002). A further study 

by Shin et al. (2006) further confirmed that individuals of 100-400 m
-2

 can be found in 

sediments at Tai Long Wan and adjacent areas in both summer and winter surveys. The 

occurrence of small juveniles at one of the sampling locations in the summer would possibly 

be caused by random settlement of the young in sediments via the planktonic larval stage of 

the animals. Their absence in the winter might be due to the less than optimal conditions for 

their continual survival after settlement. The present findings thus suggest that the survey 

area is not a major habitat for this animal.  
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 Classification of Beaufort Scales  

Descriptive Term Beaufort Force(F) Wind Speed 

Calm F 0 < 1 kt < 2 km/h 

F 1 1 - 3 kt 2 - 6 km/h 
Light 

F 2 4 - 6 kt 7 - 12 km/h 

F 3 7 - 10 kt 13 - 19 km/h 
Moderate 

F 4 11 - 16 kt 20 - 30 km/h 

Fresh F 5 17 - 21 kt 31 - 40 km/h 

F 6 22 - 27 kt 41 - 51 km/h 
Strong 

F 7 28 - 33 kt 52 - 62 km/h 

F 8 34 - 40 kt 63 - 75 km/h 
Gale 

F 9 41 - 47 kt 76 - 87 km/h 

F 10 48 - 55 kt 88 - 103 km/h 
Storm 

F 11 56 - 63 kt 104 - 117 km/h 

Hurricane F 12 >= 64 kt >= 118 km/h 

Source: Hong Kong Observation 
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Survey Date Wind Data 

22 Jun 2006 
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Survey Date Wind Data 

6 & 22Jul 2006 

 

8, 15 & 21Aug 2006 
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Survey Date Wind Data 

1 & 20 Sep 2006 

 

5 & 23 Oct 2006 
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Survey Date Wind Data 

Nov 2006 

 

8 Dec 2006 
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Survey Date Wind Data 

5 & 16 Jan 2007 

 

9 & 14 Feb 2007 
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Survey Date Wind Data 

5, 16 & 27 Mar 2007 

 

13 Apr 2007 
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Survey Date Wind Data 

2, 7 & 17May 2007 

 

6, 18 Jun 2007 
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Survey Date Wind Data 

10 Jul 2007 
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GPS Records of Marine Mammal Survey Routes 
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Marine Mammal Survey Routes Recorded by GPS 

Date GPS Records 

22 June 2006 

6 July 2006 

22 July 2006 
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Date GPS Records 

8 August 2006 

15 August 2006 

21 August 2006 
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Date GPS Records 

1 September 
2006 

20 September 
2006 

5 October 2006 
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Date GPS Records 

23 October 
2006 

8 December 
2006 

5 January 2007 
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Date GPS Records 

16 January 
2007 

9 February 
2007 

14 February 
2007 
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Date GPS Records 

5 March 2007 

16 March 2007 

27 March 2007 
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Date GPS Records 

13 April 2007 

2 May 2007 

7 May 2007 
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Date GPS Records 

17 May 2007 

6 June 2007 

18 June 2007 
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Date GPS Records 

10 July 2007 
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MARINE MAMMAL SIGHTING SHEET 

 

TEMPORAL DATA 

 

Date    Time           Stg. No. 

 

HIGH-PRIORITY DATA (Record at Initial Sighting) 

 

Sighting Dist. (meters)    Sighting Angle (from bow) 

Compass Brg.-Dolphins    Compass Brg. – Bow of Boat 

 

Position    oN     oE 

 

LOW PRIORITY DATA (Record During or After Sighting) 

 

Species Finless Porpoise  Hump-backed Dolphin 

 Other 

Effort: On Off  Response to Boat + - NR U 

Seen by     Group Size B        H   L 

CWD Group Compos.     UC         UJ SJ   SS        SA UA 

 

FP Group Compos. Calves   Adult-sized 

Beaufort    0 1 2 3 4 5 6 + Boat Assoc.  NONE / PAIR / STRAWL / OTHER 

Photos/Video?  NO YES 

 

Area      Survey 

 

BEHAVIOUR / COMMENTS 

 

 

 

 

 

        Checked by: 

Coding: 

NR – No Response U – Undetermined B – Best  H – High L – Low 

CWD – Chinese White Dolphin FP – Finless Porpoise  

UC – Unspotted calf UJ – Unspotted juvenile SJ – Spotted juvenile  

SS – Spotted sub-adult SA – Spotted adult UA – Unspotted adult 
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Date Time Species Number 

Estimated 
Flight 
Height 
from 

Water (m)

Behaviour 
(Flying / 

Feeding / 
Resting) 

Bird x 
coordinate

Bird y 
coordinate

23-May-06 849 Black Kite 1 200 Flying 844620.1938 815199.6485

23-May-06 921 Black Kite 1 200 Flying 848620.469 811490.878

23-May-06 931 Red-necked Phalarope 5 30 Resting 850916.5207 814387.3757

23-May-06 936 Red-necked Phalarope 2 30 Resting 851980.4084 814165.6014

23-May-06 944 Short-tailed Shearwater 1 30 Resting 852757.9539 813894.4089

23-May-06 951 Little Swift 17 30 Feeding 854656.8377 813203.1883

23-May-06 952 Black Kite 1 100 Resting 853500.178 813787.143

23-May-06 956 Pacific Swift 2 100 Feeding 854367.902 813238.1168

23-May-06 957 Black Kite 1 100 Flying 854371.7479 813212.268

23-May-06 959 Black Kite 1 50 Flying 854549.6534 814662.6515

23-May-06 1001 Pacific Reef Egret 1 50 Flying 854281.146 813517.0669

23-May-06 1016 Black Kite 1 100 Flying 853844.0166 813753.449

23-May-06 1036 Pacific Reef Egret 1 50 Resting 855953.1364 813910.8071

23-May-06 1037 Pacific Swift 4 50 Feeding 856229.084 814161.762

23-May-06 1039 Pacific Swift 6 50 Feeding 856247.1644 814130.7014

23-May-06 1040 Red-necked Phalarope 1 50 Flying 856695.5949 814042.4079

23-May-06 1054 Red-necked Phalarope 1 50 Flying 857192.3329 814139.349

23-May-06 1102 Red-necked Phalarope 1 50 Flying 857025.215 812945.331

23-May-06 1117 Red Knot 15 50 Flying 858222.1381 813165.3141

23-May-06 1120 Red-necked Phalarope 2 30 Resting 858647.4087 813209.4539

23-May-06 1130 Bridled Tern 2 50 Feeding 859709.3808 813595.8358

23-May-06 1138 Bridled Tern 1 50 Flying 861360.9618 811783.6282

23-May-06 1155 Bridled Tern 1 50 Feeding 861577.7345 812108.0516

23-May-06 1211 Bridled Tern 1 30 Resting 862748.712 813243.636

23-May-06 1231 Bridled Tern 1 30 Flying 862370.3011 813979.294

23-May-06 1244 Bridled Tern 2 30 Flying 861723.5855 814476.7824

23-May-06 1250 Red-necked Phalarope 1 30 Resting 861905.2157 812758.46

23-May-06 1251 Bridled Tern 4 50 Flying 860704.821 814873.123

23-May-06 1253 Bridled Tern 1 30 Flying 862305.2155 815596.8034

23-May-06 1258 Bridled Tern 1 50 Feeding 861938.7488 814665.4932

23-May-06 1307 Bridled Tern 1 50 Feeding 860848.9586 814448.7205

23-May-06 1309 Bridled Tern 1 50 Feeding 862155.5215 814989.9166

23-May-06 1312 Bridled Tern 3 50 Feeding 861731.642 815372.6

23-May-06 1314 Bridled Tern 2 100 Flying 862231.642 815372.6

23-May-06 1318 Red-necked Phalarope 1 5 Flying 861196.2867 815337.2447

23-May-06 1342 Barn Swallow 1 5 Flying 858955.7858 816247.5463

23-May-06 1358 Bridled Tern 2 30 Flying 859417.7255 816821.5714

23-May-06 1442 Bridled Tern 1 30 Flying 860880.7975 817493.4606

23-May-06 1446 Red-necked Phalarope 2 20 Flying 861897.065 817914.4123

23-May-06 1502 Bridled Tern 1 50 Flying 859840.195 819853.05

23-May-06 1521 Black Kite 1 30 Flying 857726.1244 820895.4615

23-May-06 1528 Black Kite 1 100 Flying 856960.7576 819047.7025

23-May-06 1530 Black-naped Tern 1 30 Flying 857066.2771 819856.777

23-May-06 1531 Black Kite 4 100 Flying 856419.5615 819588.8986



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment  

 
 

ESB-146/2006 Issue 3, May 2009 Appendix 7A – Page 2 
 
 

Date Time Species Number 

Estimated 
Flight 
Height 
from 

Water (m)

Behaviour 
(Flying / 

Feeding / 
Resting) 

Bird x 
coordinate

Bird y 
coordinate

23-May-06 1539 Red-necked Phalarope 1 10 Flying 857343.441 820271.582

23-May-06 1610 Bridled Tern 8 N.A. Resting 856677.923 822209.722

23-May-06 1610 Black-naped Tern 51 N.A. Resting 856677.923 822209.722

23-May-06 1610 Roseate Tern 5 N.A. Resting 856677.923 822209.722

26-May-06 910 Red-necked Phalarope 4 0 Flying 846408.7519 813232.3917

26-May-06 935 Red-necked Phalarope 2 0 Flying 849768.3517 812772.2497

26-May-06 939 Black Kite 1 100 Flying 850449.805 815243.144

26-May-06 954 White-bellied Sea Eagle 1 100 Flying 853594.3618 812947.1972

26-May-06 955 Black Kite 1 100 Flying 854213.5091 813133.2129

26-May-06 1000 Red-necked Phalarope 7 0 Feeding 854040.5042 813667.5598

26-May-06 1003 Peregrine Falcon 1 150 Flying 853828.3592 814056.8685

26-May-06 1008 Black Kite 1 100 Flying 854140.6811 813504.034

26-May-06 1009 Black Kite 1 50 Flying 853923.3308 813180.7043

26-May-06 1010 Pacific Swift 5 100 Flying 854172.075 812891.226

26-May-06 1014 Black Kite 1 50 Flying 854172.075 814571.226

26-May-06 1016 Black Kite 1 10 Feeding 853648.816 813257.967

26-May-06 1021 Peregrine Falcon 2 10 Feeding 854136.7197 813745.8707

26-May-06 1032 Pacific Reef Egret 1 5 Feeding 854309.9608 813643.3402

26-May-06 1043 Pacific Swift 20 100 Flying 856113.913 813927.004

26-May-06 1045 Black-naped Tern 3 50 Flying 853890 813556.528

26-May-06 1045 Pacific Reef Egret 1 10 Resting 856098.6507 814141.4736

26-May-06 1046 Red-necked Phalarope 4 0 Flying 856717.546 815079.651

26-May-06 1047 Chinese Bulbul 1 20 Flying 856717.546 815079.651

26-May-06 1050 Red-necked Phalarope 2 0 Flying 856689.8296 814091.1315

26-May-06 1054 Black Kite 1 100 Flying 856117.546 814079.651

26-May-06 1119 Red-necked Phalarope 1 0 Flying 859314.5158 812859.5803

26-May-06 1129 Red-necked Phalarope 1 0 Resting 861036.5384 811566.8555

26-May-06 1402 Red-necked Phalarope 2 0 Resting 860191.9152 812299.3933

26-May-06 1426 Bridled Tern 1 0 Feeding 860776.7344 817611.0376

26-May-06 1441 Bridled Tern 1 20 Flying 861097.5702 818583.2508

26-May-06 1523 Black Kite 1 30 Flying 857493.7716 820399.7295

26-May-06 1525 Red-necked Phalarope 1 0 Flying 857297.247 819990.7162

26-May-06 1530 Bridled Tern 2 5 Flying 857381.7093 820063.97

26-May-06 1531 Bridled Tern 3 5 Flying 857843.441 819971.582

26-May-06 1532 Red-necked Phalarope 3 5 Flying 857843.441 819971.582

26-May-06 1536 Bridled Tern 5 10 Flying 857534.7827 820433.5218

26-May-06 1541 Red-necked Phalarope 3 0 Resting 857805.3808 819780.2403

26-May-06 1546 White-winged Black Tern 8 10 Flying 857805.3808 820162.9237

26-May-06 1548 Black-naped Tern 2 50 Flying 857843.441 819971.582

26-May-06 1548 Red-necked Phalarope 2 50 Flying 857805.3808 820162.9237

26-May-06 1549 White-winged Black Tern 8 50 Flying 857696.9944 820325.1354

26-May-06 1553 Red-necked Phalarope 5 0 Flying 857243.441 819971.582

26-May-06 1554 Red-necked Phalarope 1 0 Flying 857528.2169 820048.1187

26-May-06 1639 Black-naped Tern 84 N.A. Resting 856677.923 822209.722
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Date Time Species Number 

Estimated 
Flight 
Height 
from 

Water (m)
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(Flying / 
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Resting) 

Bird x 
coordinate

Bird y 
coordinate

26-May-06 1639 Roseate Tern 21 N.A. Resting 856677.923 822209.722

26-May-06 1639 Bridled Tern 8 N.A. Resting 856677.923 822209.722

30-May-06 846 Black Kite 1 50 Flying 843420.759 815594.8112

30-May-06 917 Black Kite 1 50 Flying 847279.0516 810533.2226

30-May-06 923 Bridled Tern 3 20 Flying 849309.0415 810504.6586

30-May-06 927 Black Kite 1 30 Flying 848945.241 810981.309

30-May-06 932 Black Kite 1 50 Flying 849814.224 811910.812

30-May-06 938 Black Kite 1 50 Flying 849896.1075 811942.2774

30-May-06 942 Black Kite 1 30 Flying 851501.9458 814420.2228

30-May-06 946 Pacific Reef Egret 1 0 Flying 850285.3596 814284.3745

30-May-06 1005 Pacific Reef Egret 1 10 Flying 853244.0828 814150.0527

30-May-06 1021 Little Swift 10 180 Feeding 853794.385 813091.68

30-May-06 1021 Pacific Swift 2 180 Feeding 853794.385 813091.68

30-May-06 1023 Pacific Reef Egret 1 0 Flying 854105.512 813352.807

2-Jun-06 1018 Crested Myna 1 150 Flying 854172.075 813551.226

30-May-06 1038 Black Kite 1 58 Flying 854105.512 813207.807

30-May-06 1052 Red-necked Phalarope 2 0 Resting 854808.947 812667.076

30-May-06 1057 Black-naped Tern 4 2 Resting 855854.762 814213.99

30-May-06 1059 Pacific Swift 30 120 Feeding 853841.191 813994.94

30-May-06 1101 Bridled Tern 2 20 Flying 857062.783 814201.256

30-May-06 1104 White-winged Black Tern 1 5 Flying 856695.5764 814129.7477

30-May-06 1117 Bridled Tern 2 10 Feeding 857096.7374 815045.9735

30-May-06 1122 White-winged Black Tern 1 20 Flying 856599.249 813844.9301

30-May-06 1132 Bridled Tern 5 20 Flying 858076.2027 813884.2958

30-May-06 1143 White-winged Black Tern 1 20 Flying 860369.1888 812106.9302

30-May-06 1216 White-winged Black Tern 5 20 Flying 860830.833 813476.248

30-May-06 1234 White-winged Black Tern 4 20 Flying 862675.419 813862.309

30-May-06 1321 Bridled Tern 1 20 Flying 861932.1264 816278.5365

30-May-06 1404 Bridled Tern 1 20 Flying 858277.9592 817148.5498

30-May-06 1420 Red-necked Phalarope 1 0 Resting 858407.9417 816591.2703

30-May-06 1435 Bridled Tern 1 20 Flying 858848.1513 817268.8878

30-May-06 1459 Bridled Tern 2 20 Flying 860948.893 817904.065

30-May-06 1514 Bridled Tern 1 50 Flying 861598.7096 817059.5995

30-May-06 1539 Black Kite 1 50 Flying 857985.0358 819456.3272

30-May-06 1539 Bridled Tern 2 20 Flying 857985.0358 819456.3272

30-May-06 1539 Bridled Tern 1 20 Feeding 857985.0358 819456.3272

30-May-06 1554 Bridled Tern 1 20 Flying 858233.251 820187.366

30-May-06 1557 Bridled Tern 2 20 Flying 858010.8908 819384.3842

30-May-06 1600 Black-naped Tern 5 10 Feeding 857332.1843 819766.5931

30-May-06 1607 Bridled Tern 1 20 Flying 858358.921 819953.147

30-May-06 1652 Black-naped Tern 42 N.A. Resting 856677.923 822209.722

30-May-06 1652 Roseate Tern 8 N.A. Resting 856677.923 822209.722

30-May-06 1652 Bridled Tern 10 N.A. Resting 856677.923 822209.722

2-Jun-06 839 Black Kite 4 100 Flying 842234.879 816388.982
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Height 
from 

Water (m)

Behaviour 
(Flying / 

Feeding / 
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Bird x 
coordinate

Bird y 
coordinate

2-Jun-06 842 Little Egret 1 20 Flying 842668.365 816225.18

2-Jun-06 844 Black Kite 1 100 Flying 843359.1857 815964.4733

2-Jun-06 848 Black Kite 1 30 Flying 844207.513 815895.702

2-Jun-06 851 Black Kite 1 100 Flying 845159.9071 815121.9529

2-Jun-06 854 Black Kite 1 150 Flying 846053.8097 814059.0843

2-Jun-06 858 Black Kite 1 50 Feeding 846110.0899 813648.8211

2-Jun-06 908 Black Kite 1 10 Resting 846950.5954 811662.4914

2-Jun-06 919 White-bellied Sea Eagle 1 100 Flying 848751.728 811467.21

2-Jun-06 924 Pacific Reef Egret 1 50 Flying 850180.1498 813293.2508

2-Jun-06 933 Black Kite 1 50 Flying 850122.9582 815328.2758

2-Jun-06 937 Bridled Tern 1 50 Flying 852406.6168 815067.0418

2-Jun-06 938 Pacific Reef Egret 1 20 Flying 852733.1158 813535.0392

2-Jun-06 942 Bridled Tern 2 5 Flying 852920.043 813857.245

2-Jun-06 946 Black Kite 2 5 Flying 854172.075 813381.226

2-Jun-06 947 Pacific Reef Egret 1 2 Flying 854502.075 813781.226

2-Jun-06 948 Pacific Reef Egret 3 2 Flying 854299.3542 813653.9468

2-Jun-06 955 Black Kite 1 500 Flying 854568.0548 814177.2058

2-Jun-06 1005 Black Kite 1 200 Flying 854172.075 814431.226

2-Jun-06 1014 White-bellied Sea Eagle 1 300 Flying 854172.075 813151.226

15-Jun-06 1020 Crested Myna 1 15 Resting 854356.8509 813704.6893

2-Jun-06 1018 Black Kite 1 200 Flying 853959.943 813993.358

2-Jun-06 1028 Pacific Swift 16 100 Flying 856717.546 813899.651

2-Jun-06 1054 Bridled Tern 2 10 Flying 857071.0994 813726.0976

2-Jun-06 1056 Black-naped Tern 1 10 Flying 855717.546 814079.651

2-Jun-06 1117 Bridled Tern 1 5 Flying 858806.6297 813008.8837

2-Jun-06 1121 Bridled Tern 5 10 Feeding 859773.836 812956.992

2-Jun-06 1127 Bridled Tern 1 0 Resting 861007.4084 812137.1816

2-Jun-06 1133 Bridled Tern 3 5 Flying 860353.855 812490.735

2-Jun-06 1138 Bridled Tern 7 5 Feeding 860512.4336 812349.3136

2-Jun-06 1141 Bridled Tern 3 10 Feeding 860853.855 812490.735

2-Jun-06 1150 Bridled Tern 1 20 Flying 860698.855 812490.735

2-Jun-06 1209 Bridled Tern 1 5 Flying 860753.855 812490.735

2-Jun-06 1227 Bridled Tern 2 50 Feeding 862647.465 813994.099

2-Jun-06 1237 Bridled Tern 1 10 Flying 862788.8864 813952.6776

2-Jun-06 1355 Common Tern 2 5 Feeding 858493.846 816488.888

2-Jun-06 1413 Bridled Tern 2 5 Feeding 859171.897 817201.944

2-Jun-06 1423 Bridled Tern 2 1 Resting 861733.9663 817946.8547

2-Jun-06 1432 Bridled Tern 1 2 Feeding 861698.611 817770.078

2-Jun-06 1500 Bridled Tern 7 2 Flying 860244.8196 817958.0616

2-Jun-06 1501 Bridled Tern 1 0.5 Resting 860464.7211 818390.1221

2-Jun-06 1517 Black-naped Tern 1 10 Flying 857293.441 819971.582

2-Jun-06 1530 Black-naped Tern 1 10 Flying 857543.441 819971.582

2-Jun-06 1543 Common Tern 2 5 Feeding 857484.8624 819830.1606

2-Jun-06 1549 Black-naped Tern 1 5 Flying 857068.365 820591.725
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2-Jun-06 1609 Black-naped Tern 87 N.A. Resting 856677.923 822209.722

2-Jun-06 1609 Roseate Tern 10 N.A. Resting 856677.923 822209.722

2-Jun-06 1609 Bridled Tern 26 N.A. Resting 856677.923 822209.722

5-Jun-06 855 Black Kite 1 5 Feeding 843379.54 815915.094

5-Jun-06 910 Black Kite 1 10 Flying 845836.319 813224.085

5-Jun-06 916 Black Kite 1 50 Flying 846563.148 811942.127

5-Jun-06 934 Pacific Reef Egret 1 1 Flying 849783.855 812800.666

5-Jun-06 958 Large-billed Crow 2 50 Resting 853693.1162 813760.1742

5-Jun-06 1001 Black Kite 1 100 Flying 853903.3744 814049.9266

5-Jun-06 1004 Pacific Swift 2 200 Flying 854172.075 813131.226

5-Jun-06 1008 Pacific Swift 3 20 Flying 854672.075 813781.226

5-Jun-06 1013 Black Kite 1 5 Feeding 854172.075 814131.226

5-Jun-06 1017 Peregrine Falcon 1 150 Resting 853832.6637 814120.6373

15-Jun-06 1011 Crested Myna 2 20 Resting 854294.5337 813485.5846

5-Jun-06 1021 Black Kite 1 10 Flying 854672.075 813781.226

5-Jun-06 1034 Black Kite 1 50 Flying 854825.178 814037.042

5-Jun-06 1037 Black Kite 4 200 Flying 856210.044 814080.382

5-Jun-06 1038 Pacific Swift 4 200 Flying 856105.5428 814184.2848

5-Jun-06 1046 Bridled Tern 1 5 Flying 856717.546 813079.651

5-Jun-06 1048 Bridled Tern 2 10 Flying 856505.414 814291.783

5-Jun-06 1108 Black-naped Tern 2 10 Flying 856187.546 814079.651

5-Jun-06 1132 Bridled Tern 2 5 Feeding 860300.3016 812844.2884

5-Jun-06 1133 Bridled Tern 1 10 Flying 860724.5657 812561.4457

5-Jun-06 1134 Bridled Tern 1 10 Feeding 860653.855 811490.735

5-Jun-06 1149 Bridled Tern 2 10 Flying 860753.855 812490.735

5-Jun-06 1309 Bridled Tern 1 1 Resting 861224.5709 815365.5289

5-Jun-06 1313 Bridled Tern 1 2 Feeding 860878.0886 815726.1534

5-Jun-06 1315 Bridled Tern 1 5 Flying 861585.1954 815726.1534

5-Jun-06 1316 Bridled Tern 2 2 Flying 860231.642 815372.6

5-Jun-06 1326 Bridled Tern 1 5 Feeding 861187.047 815431.926

5-Jun-06 1342 Black-naped Tern 1 5 Flying 857493.846 816438.888

5-Jun-06 1346 Bridled Tern 1 10 Flying 858493.846 815438.888

5-Jun-06 1348 Bridled Tern 1 5 Flying 858529.2013 816474.2433

5-Jun-06 1403 Bridled Tern 1 5 Flying 857786.7392 815731.7812

5-Jun-06 1455 Bridled Tern 1 5 Flying 861225.303 818131.821

5-Jun-06 1522 Bridled Tern 1 2 Flying 857543.441 819971.582

5-Jun-06 1525 Black-naped Tern 1 1 Feeding 856636.3342 820678.6888

5-Jun-06 1527 Bridled Tern 1 5 Flying 857343.441 818971.582

5-Jun-06 1548 Black-naped Tern 1 5 Flying 857505.2547 820159.8107

5-Jun-06 1551 Roseate Tern 2 5 Feeding 857272.9406 820712.4476

5-Jun-06 1611 Black-naped Tern 70 N.A. Resting 856677.923 822209.722

5-Jun-06 1611 Bridled Tern 17 N.A. Resting 856677.923 822209.722

5-Jun-06 1611 Roseate Tern 7 N.A. Resting 856677.923 822209.722

9-Jun-06 838 Black Kite 1 100 Flying 841665.201 816399.789
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9-Jun-06 841 Black Kite 9 200 Flying 842505.4806 816675.2336

9-Jun-06 842 Black Kite 1 5 Feeding 842937.7525 815653.3515

9-Jun-06 844 Little Swift 2 1000 Flying 843946.71 815948.292

9-Jun-06 848 Black Kite 1 5 Feeding 844765.2193 815157.4217

9-Jun-06 852 Black Kite 1 20 Flying 844994.8767 815000.0653

9-Jun-06 855 Black Kite 2 50 Flying 845862.107 815008.42

9-Jun-06 906 Pacific Swift 1 1000 Flying 847327.0288 812621.1548

9-Jun-06 912 Black Kite 1 200 Flying 847778.9414 811109.8814

9-Jun-06 920 Black Kite 1 500 Flying 848226.172 811962.136

9-Jun-06 1005 Pacific Reef Egret 1 2 Flying 854030.6536 813922.6474

9-Jun-06 1038 Bridled Tern 24 20 Feeding 856717.546 814579.651

9-Jun-06 1043 White-winged Black Tern 15 3 Feeding 856505.414 813867.519

9-Jun-06 1112 Bridled Tern 1 2 Feeding 858697.135 813124.81

9-Jun-06 1115 Bridled Tern 2 5 Flying 859277.4866 812539.7966

9-Jun-06 1302 Bridled Tern 1 5 Flying 861131.642 815372.6

9-Jun-06 1404 Bridled Tern 3 5 Feeding 858423.1353 816368.1773

9-Jun-06 1404 Bridled Tern 2 10 Feeding 858493.846 816938.888

9-Jun-06 1428 Bridled Tern 4 10 Flying 861451.1236 818229.6974

9-Jun-06 1430 Bridled Tern 1 5 Feeding 861804.677 817376.144

9-Jun-06 1441 Bridled Tern 1 5 Feeding 861604.677 817876.144

9-Jun-06 1449 Black-naped Tern 2 10 Feeding 861733.9663 817946.8547

9-Jun-06 1458 Bridled Tern 1 5 Flying 861805.9133 817771.1783

9-Jun-06 1500 Bridled Tern 3 5 Flying 861615.0153 817933.2783

9-Jun-06 1501 Bridled Tern 8 5 Flying 861385.397 818219.417

9-Jun-06 1502 Bridled Tern 2 5 Flying 861258.423 818192.538

9-Jun-06 1508 Black-naped Tern 1 5 Flying 860009.9 818538.019

9-Jun-06 1524 Black Kite 1 50 Flying 857343.441 820971.582

9-Jun-06 1526 Black-naped Tern 1 5 Feeding 857343.441 819471.582

9-Jun-06 1530 Black-naped Tern 3 10 Flying 856636.3342 819264.4752

9-Jun-06 1531 Black-naped Tern 1 10 Flying 857043.441 819971.582

9-Jun-06 1533 Black-naped Tern 1 10 Feeding 857243.441 819971.582

9-Jun-06 1536 Black Kite 1 10 Flying 857293.441 819971.582

9-Jun-06 1536 Black-naped Tern 2 20 Flying 857323.441 819971.582

9-Jun-06 1540 Black-naped Tern 1 10 Flying 857272.7303 820042.2927

9-Jun-06 1544 Roseate Tern 1 5 Flying 857378.7963 820006.9373

9-Jun-06 1544 Black-naped Tern 1 5 Flying 857378.7963 820006.9373

9-Jun-06 1546 Bridled Tern 2 5 Feeding 857543.441 819971.582

9-Jun-06 1547 Black-naped Tern 2 5 Flying 857393.441 819971.582

9-Jun-06 1549 Black-naped Tern 1 5 Flying 857414.1517 820042.2927

9-Jun-06 1550 Bridled Tern 3 5 Flying 857543.441 819971.582

9-Jun-06 1552 Black-naped Tern 4 5 Flying 857393.441 819971.582

9-Jun-06 1612 Black-naped Tern 94 N.A. Resting 856677.923 822209.722

9-Jun-06 1612 Bridled Tern 17 N.A. Resting 856677.923 822209.722

9-Jun-06 1612 Roseate Tern 4 N.A. Resting 856677.923 822209.722
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12-Jun-06 848 Black Kite 1 50 Flying 857006.7956 819287.6905

12-Jun-06 853 Black Kite 1 50 Flying 845066.2824 814309.1745

12-Jun-06 901 Black Kite 1 30 Flying 845861.319 812941.69

12-Jun-06 903 Black Kite 1 30 Flying 846024.749 812574.524

12-Jun-06 906 Black Kite 1 50 Flying 846131.2083 811682.6092

12-Jun-06 912 White-bellied Sea Eagle 1 30 Flying 847074.5133 811203.899

12-Jun-06 918 White-bellied Sea Eagle 2 30 Flying 847762.6304 811932.2805

12-Jun-06 928 Pacific Reef Egret 1 30 Flying 849447.4166 813835.1495

12-Jun-06 992 Black Kite 2 30 Flying 853348.1926 814446.2245

12-Jun-06 956 Pacific Reef Egret 2 5 Feeding 854280.794 813424.966

12-Jun-06 1002 Black Kite 1 30 Resting 854272.9224 813235.8806

12-Jun-06 1007 Little Swift 5 35 Flying 854172.075 813421.226

12-Jun-06 1007 Black Kite 4 50 Flying 854172.075 813481.226

12-Jun-06 1018 Black-naped Tern 1 20 Flying 853987.2991 813857.7627

12-Jun-06 1022 Pacific Reef Egret 1 5 Feeding 853889.2323 814064.0687

12-Jun-06 1034 Black Kite 1 35 Resting 855990.9399 814354.4051

12-Jun-06 1038 Pacific Swift 30 85 Flying 856204.553 814233.1277

12-Jun-06 1041 Bridled Tern 1 10 Flying 857086.5374 814964.7555

12-Jun-06 1046 Black-naped Tern 2 10 Flying 855859.0915 814349.8404

12-Jun-06 1050 Black-naped Tern 1 20 Flying 856945.4507 813743.7371

12-Jun-06 1101 Bridled Tern 2 20 Flying 856634.0806 814765.8465

12-Jun-06 1114 Black-naped Tern 1 20 Flying 857346.3785 812623.1126

12-Jun-06 1114 Roseate Tern 1 20 Flying 857346.3785 812623.1126

12-Jun-06 1118 Bridled Tern 1 30 Flying 859009.1483 811984.1412

12-Jun-06 1216 Bridled Tern 1 30 Flying 864161.984 814574.83

12-Jun-06 1216 Bridled Tern 1 30 Flying 862161.984 814574.83

12-Jun-06 1223 Bridled Tern 1 20 Flying 862134.3332 814882.7408

12-Jun-06 1223 Bridled Tern 1 30 Flying 863548.5468 813468.5272

12-Jun-06 1229 Bridled Tern 1 20 Flying 862790.2464 814137.2394

12-Jun-06 1243 Bridled Tern 1 20 Flying 862165.08 815931.184

12-Jun-06 1258 Bridled Tern 1 20 Flying 861166.7 814965.791

12-Jun-06 1353 Black-naped Tern 1 30 Flying 858729.9169 816233.591

12-Jun-06 1431 Bridled Tern 1 30 Flying 861289.7212 818703.5308

12-Jun-06 1446 Bridled Tern 1 30 Flying 861571.283 818768.718

12-Jun-06 1505 Bridled Tern 1 30 Flying 859196.0875 818566.7636

12-Jun-06 1511 Black-naped Tern 1 20 Flying 859016.834 819431.507

12-Jun-06 1513 Bridled Tern 1 30 Flying 857520.262 819583.803

12-Jun-06 1519 Roseate Tern 1 20 Feeding 857436.0088 819862.789

12-Jun-06 1521 Bridled Tern 1 20 Flying 858116.1925 819601.6126

12-Jun-06 1525 Bridled Tern 1 20 Flying 857939.935 819948.892

12-Jun-06 1532 Roseate Tern 2 10 Flying 856479.6625 819588.9796

12-Jun-06 1533 Roseate Tern 3 10 Flying 856708.4582 820676.9408

12-Jun-06 1535 Black-naped Tern 1 10 Flying 857519.3027 819932.8227

12-Jun-06 1553 Black Kite 1 50 Flying 856951.2122 820672.4007
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12-Jun-06 1635 Black-naped Tern 68 N.A. Resting 856677.923 822209.722

12-Jun-06 1635 Roseate Tern 10 N.A. Resting 856677.923 822209.722

12-Jun-06 1635 Bridled Tern 12 N.A. Resting 856677.923 822209.722

15-Jun-06 850 Black Kite 1 50 Flying 842843.9906 815039.2995

15-Jun-06 955 Pacific Reef Egret 1 10 Flying 845447.515 815504.934

15-Jun-06 1002 Pacific Reef Egret 1 20 Resting 855363.4919 813722.4883

15-Jun-06 1008 Little Swift 2 35 Flying 855040.95 813466.4284

15-Mar-07 1027 Crested Myna 2 26 Resting 854273.175 813522.86

15-Jun-06 1013 Black Kite 2 60 Flying 853747.8109 814205.4901

15-Mar-07 1043 Crested Myna 2 45 Resting 854273.175 813522.86

15-Jun-06 1038 Pacific Swift 30 30 Flying 855063.911 813521.8611

15-Jun-06 1038 Black Kite 1 15 Resting 855102.1793 813614.2491

15-Jun-06 1044 Bridled Tern 1 30 Flying 854796.0326 812875.1455

15-Jun-06 1051 Black-naped Tern 1 20 Feeding 855825.703 814129.624

15-Jun-06 1114 Black-naped Tern 1 20 Flying 857160.0049 814149.1457

15-Jun-06 1119 Bridled Tern 1 10 Flying 857413.8609 814193.166

15-Jun-06 1122 Black-naped Tern 1 10 Flying 857244.607 813903.354

15-Jun-06 1130 Bridled Tern 1 0 Resting 859102.0413 812545.1233

15-Jun-06 1133 Bridled Tern 1 0 Resting 860236.466 812384.721

15-Jun-06 1134 Bridled Tern 1 0 Resting 860320.615 812406.997

15-Jun-06 1142 Bridled Tern 1 10 Feeding 860526.231 812350.585

15-Jun-06 1148 Bridled Tern 1 20 Flying 860065.3022 813190.6458

15-Jun-06 1211 Bridled Tern 1 20 Flying 862258.8195 812707.0986

15-Jun-06 1217 Bridled Tern 1 20 Flying 863106.502 813937.155

15-Jun-06 1218 Bridled Tern 1 0 Resting 862613.186 814139.5798

15-Jun-06 1227 Bridled Tern 1 0 Resting 862647.465 813094.099

15-Jun-06 1235 Bridled Tern 1 0 Flying 861940.3582 813386.9922

15-Jun-06 1310 Black-naped Tern 1 0 Flying 861116.837 815095.4361

15-Jun-06 1318 Black-naped Tern 1 20 Flying 861614.3254 814448.7205

15-Jun-06 1345 Bridled Tern 1 20 Flying 856277.5382 815449.6718

15-Jun-06 1353 Bridled Tern 2 10 Flying 857949.4725 816108.4276

15-Jun-06 1428 Bridled Tern 1 20 Flying 860698.4445 817209.1804

15-Jun-06 1435 Bridled Tern 1 20 Flying 862165.2288 818359.3698

15-Jun-06 1503 Bridled Tern 2 20 Flying 862511.7838 817169.0372

15-Jun-06 1503 Black-naped Tern 1 20 Flying 861910.743 817770.078

15-Jun-06 1523 Bridled Tern 1 10 Flying 859060.4241 819476.8357

15-Jun-06 1532 Black Kite 1 30 Flying 857152.0993 819509.6422

15-Jun-06 1544 Black-naped Tern 1 20 Flying 857305.1727 819879.194

15-Jun-06 1552 Black-naped Tern 2 15 Flying 857272.7303 820042.2927

15-Jun-06 1558 Bridled Tern 2 20 Flying 857543.441 819971.582

15-Jun-06 1559 Black-naped Tern 1 15 Flying 857343.441 819871.582

15-Jun-06 1602 Black-naped Tern 4 20 Flying 857443.441 819971.582

15-Jun-06 1602 Black-naped Tern 50 N.A. Resting 856677.923 822209.722

15-Jun-06 1602 Roseate Tern 6 N.A. Resting 856677.923 822209.722
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15-Jun-06 1602 Bridled Tern 8 N.A. Resting 856677.923 822209.722

4-Jul-06 911 Black Kite 1 30 Flying 846184.638 811882.686

4-Jul-06 930 Black-naped Tern 1 10 Flying 852182.7615 814323.4896

4-Jul-06 930 Roseate Tern 1 10 Flying 852182.7615 814323.4896

4-Jul-06 958 Black Kite 1 100 Flying 853771.8342 813407.7065

4-Jul-06 959 Black Kite 2 30 Flying 854231.2395 813327.0255

4-Jul-06 1042 Black-naped Tern 1 10 Flying 856358.052 814300.716

4-Jul-06 1103 Bridled Tern 1 20 Flying 856692.5096 813416.4756

4-Jul-06 1128 Bridled Tern 1 20 Flying 859709.022 813444.992

4-Jul-06 1301 Bridled Tern 4 20 Flying 860285.6685 815607.6014

4-Jul-06 1308 Bridled Tern 1 10 Flying 861129.727 815780.48

4-Jul-06 1332 Bridled Tern 1 20 Flying 858754.0851 816248.5673

4-Jul-06 1335 Bridled Tern 1 10 Flying 858515.3497 816673.4159

4-Jul-06 1343 Bridled Tern 2 10 Flying 858052.2662 816422.9063

4-Jul-06 1350 Bridled Tern 1 20 Flying 858871.2097 816079.2141

4-Jul-06 1435 Bridled Tern 1 20 Flying 861497.7202 817173.3902

4-Jul-06 1501 Bridled Tern 2 20 Flying 860043.186 818824.506

4-Jul-06 1512 Bridled Tern 1 10 Flying 858007.973 820122.7322

4-Jul-06 1543 Black-naped Tern 4 10 Feeding 857688.2534 820439.5494

4-Jul-06 1605 Black-naped Tern 68 N.A. Resting 856677.923 822209.722

4-Jul-06 1605 Roseate Tern 10 N.A. Resting 856677.923 822209.722

4-Jul-06 1605 Bridled Tern 10 N.A. Resting 856677.923 822209.722

18-Jul-06 845 Black Kite 1 50 Flying 842437.4089 816297.7993

18-Jul-06 930 Pacific Reef Egret 1 2 Flying 850074.205 812934.31

18-Jul-06 947 Bridled Tern 6 20 Feeding 852221.992 814452.638

18-Jul-06 1031 Bridled Tern 7 30 Flying 855189.7449 814078.3647

18-Jul-06 1035 Pacific Reef Egret 1 2 Flying 855814.375 814048.837

18-Jul-06 1040 Black-naped Tern 1 5 Flying 856794.0443 814108.9447

18-Jul-06 1041 Bridled Tern 1 20 Flying 857818.958 814033.645

18-Jul-06 1054 Black-naped Tern 1 2 Flying 856717.546 814029.651

18-Jul-06 1056 Bridled Tern 1 10 Flying 857424.6528 813372.5442

18-Jul-06 1059 Bridled Tern 1 10 Flying 856729.5668 814067.6302

18-Jul-06 1109 Bridled Tern 1 20 Flying 856717.546 814034.651

18-Jul-06 1158 Bridled Tern 1 20 Flying 860746.243 812452.4667

18-Jul-06 1205 Bridled Tern 1 5 Flying 861559.5313 813273.5507

18-Jul-06 1206 Bridled Tern 2 0 Resting 861851.596 813410.076

18-Jul-06 1241 Black-naped Tern 1 5 Flying 862718.1757 814164.8097

18-Jul-06 1247 Bridled Tern 1 0 Resting 862244.6227 814422.108

18-Jul-06 1344 Bridled Tern 1 20 Flying 858876.5294 815515.0085

18-Jul-06 1351 Bridled Tern 4 20 Flying 858586.234 816400.6197

18-Jul-06 1419 Bridled Tern 2 20 Flying 861506.2618 816610.0512

18-Jul-06 1424 Bridled Tern 1 10 Flying 862266.6168 818067.4857

18-Jul-06 1440 Bridled Tern 1 10 Flying 861842.9453 817783.756

18-Jul-06 1521 Roseate Tern 1 20 Flying 858267.3205 819588.8986
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18-Jul-06 1522 Black-naped Tern 2 20 Flying 858050.5478 819264.4752

18-Jul-06 1528 Black-naped Tern 3 10 Flying 856881.5012 820162.9237

18-Jul-06 1529 Black-naped Tern 1 10 Flying 856881.5012 819780.2403

18-Jul-06 1531 Bridled Tern 3 5 Flying 857362.5752 820017.776

18-Jul-06 1531 Black-naped Tern 1 10 Flying 857419.9777 820156.3579

18-Jul-06 1534 Bridled Tern 2 20 Flying 857272.7303 819900.8713

18-Jul-06 1535 Bridled Tern 3 20 Flying 857805.3808 820162.9237

18-Jul-06 1538 Black-naped Tern 1 10 Flying 856419.5615 819588.8986

18-Jul-06 1539 Bridled Tern 1 10 Flying 857359.147 819978.0876

18-Jul-06 1543 Bridled Tern 1 10 Flying 858343.441 819971.582

18-Jul-06 1545 Bridled Tern 1 10 Flying 857843.441 819971.582

18-Jul-06 1545 Black-naped Tern 1 10 Flying 857338.441 819971.582

18-Jul-06 1549 Black-naped Tern 1 10 Flying 857850.396 821173.069

18-Jul-06 1550 Black-naped Tern 1 10 Feeding 857983.4638 822033.2598

18-Jul-06 1551 Bridled Tern 1 10 Flying 857504.1724 821972.9854

18-Jul-06 ~1600 Bridled Tern 10 N.A. Resting 856677.923 822209.722

18-Jul-06 ~1600 Roseate Tern 16 N.A. Resting 856677.923 822209.722

18-Jul-06 ~1600 Black-naped Tern 95 N.A. Resting 856677.923 822209.722

5-Aug-06 1038 Black Kite 1 69 Flying 857832.789 814166.385

5-Aug-06 905 Black Kite 1 30 Flying 845141.7406 813301.5071

5-Aug-06 950 Pacific Reef Egret 1 1 Flying 853135.1558 813463.4732

5-Aug-06 930 Black Kite 1 20 Flying 849893.6424 811520.1885

5-Aug-06 1004 Peregrine Falcon 1 50 Flying 854262.075 813781.226

5-Aug-06 1006 Peregrine Falcon 1 50 Flying 854262.075 813781.226

5-Aug-06 1015 White-bellied Sea Eagle 1 116 Flying 854485.8754 813023.6448

5-Aug-06 1017 White-bellied Sea Eagle 1 59 Flying 853867.1948 813907.5115

5-Aug-06 1018 Bonelli's Eagle 1 88 Flying 853904.1499 813892.2042

5-Aug-06 956 Black Kite 1 20 Flying 853840.9757 813701.9887

5-Aug-06 1018 Black Kite 1 105 Flying 853857.956 813911.3384

5-Aug-06 1018 Black Kite 1 105 Flying 853857.956 813911.3384

5-Aug-06 1035 Black Kite 1 115 Flying 856286.908 814085.927

5-Aug-06 1036 Black Kite 4 100 Flying 855999.389 814163.621

5-Aug-06 1048 Bridled Tern 1 10 Flying 856717.546 813079.651

5-Aug-06 1053 Bridled Tern 3 100 Flying 857641.4255 813696.9676

5-Aug-06 1140 Bridled Tern 1 10 Flying 859653.855 812490.735

5-Aug-06 1159 Bridled Tern 2 20 Flying 861653.855 812490.735

5-Aug-06 1201 Bridled Tern 2 5 Flying 860512.4336 812632.1564

5-Aug-06 1225 Bridled Tern 2 20 Flying 860271.1716 811566.8555

5-Aug-06 1253 Bridled Tern 1 10 Flying 861882.799 814334.933

5-Aug-06 1254 Bridled Tern 1 10 Flying 862167.4428 814647.4537

5-Aug-06 1322 Bridled Tern 1 20 Flying 861231.642 816372.6

5-Aug-06 1324 Bridled Tern 1 5 Feeding 861231.642 815872.6

5-Aug-06 1345 Black-naped Tern 1 20 Flying 858635.2674 816297.4666

5-Aug-06 1352 Roseate Tern 2 10 Feeding 858401.458 816400.6197
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5-Aug-06 1352 Black-naped Tern 1 10 Feeding 858401.458 816400.6197

5-Aug-06 1358 Roseate Tern 1 5 Feeding 858532.1143 816346.5

5-Aug-06 1400 Roseate Tern 1 5 Feeding 858570.3827 816623.6639

5-Aug-06 1405 Roseate Tern 2 5 Flying 858447.652 816458.0222

5-Aug-06 1409 Bridled Tern 1 5 Feeding 858512.9802 816485.082

5-Aug-06 1411 Bridled Tern 1 10 Flying 859417.7255 816821.5714

5-Aug-06 1435 Bridled Tern 2 20 Flying 861804.677 818876.144

5-Aug-06 1436 Bridled Tern 2 10 Flying 861769.3217 817840.7887

5-Aug-06 1458 Bridled Tern 1 10 Flying 862728.5565 818258.8274

5-Aug-06 1504 Roseate Tern 1 10 Flying 860602.9427 818280.198

5-Aug-06 1520 Black-naped Tern 2 5 Flying 857329.2989 819985.7241

5-Aug-06 1522 Black-naped Tern 1 5 Flying 857323.441 819971.582

5-Aug-06 1522 Roseate Tern 1 1 Flying 857324.9634 819963.9283

5-Aug-06 1524 Roseate Tern 2 5 Flying 857343.441 820021.582

5-Aug-06 1527 Bridled Tern 1 10 Flying 858267.3205 820354.2654

5-Aug-06 1532 Bridled Tern 2 10 Flying 858343.441 819971.582

5-Aug-06 1545 Bridled Tern 3 10 Flying 857357.5831 819985.7241

5-Aug-06 
1559-
1617 

Bridled Tern 40 N.A. Resting 856677.923 822209.722

5-Aug-06 
1559-
1617 

Roseate Tern 42 N.A. Resting 856677.923 822209.722

5-Aug-06 
1559-
1617 

Black-naped Tern 66 N.A. Resting 856677.923 822209.722

5-Aug-06 
1559-
1617 

Greater Crested Tern 1 N.A. Resting 856677.923 822209.722

19-Aug-06 917 Pacific Reef Egret 2 2 Flying 845936.0106 811872.1505

19-Aug-06 951 White-bellied Sea Eagle 2 130 Resting 850325.9873 815094.8667

19-Aug-06 936 Barn Swallow 2 10 Flying 851502.0612 814459.328

19-Aug-06 958 Pacific Reef Egret 1 3 Flying 852171.6594 813938.2136

19-Aug-06 959 Bridled Tern 3 5 Feeding 852019.239 813642.478

19-Aug-06 1013 Pacific Swift 30 75 Feeding 853981.1562 813972.1448

19-Aug-06 1021 Black Kite 1 30 Flying 854172.075 812781.226

19-Aug-06 1041 Black Kite 1 50 Feeding 854501.812 813659.122

19-Aug-06 1049 Black Kite 1 28 Flying 856031.6283 814093.4449

19-Aug-06 1056 Bridled Tern 4 3 Flying 856682.1907 814044.2957

19-Aug-06 1110 Unidentified Tern 7 10 Flying 857641.4255 813696.9676

19-Aug-06 1121 Unidentified Tern 4 5 Flying 857641.4255 813696.9676

19-Aug-06 1135 Common Tern 1 0 Resting 859073.9937 812527.0684

19-Aug-06 1137 Common Tern 1 2 Feeding 859550.3097 812180.5051

19-Aug-06 1144 White-winged Black Tern 2 0 Resting 860754.959 812459.503

19-Aug-06 1153 Barn Swallow 3 1 Flying 861360.9618 813197.8418

19-Aug-06 1220 Common Tern 1 0 Resting 862054.062 813376.2658

19-Aug-06 1231 Common Tern 1 0 Resting 863008.6344 814993.8735

19-Aug-06 1244 Aleutian Tern 1 0 Resting 863040.606 814341.992

19-Aug-06 1259 Common Tern 1 0 Resting 862096.781 814783.763

19-Aug-06 1302 Common Tern 1 2 Flying 860778.2382 815336.3458

19-Aug-06 1307 Common Tern 1 10 Flying 862231.642 815372.6
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19-Aug-06 1359 Common Tern 1 10 Flying 858493.846 817438.888

19-Aug-06 1402 Bridled Tern 1 5 Flying 859417.7255 816821.5714

19-Aug-06 1412 Barn Swallow 1 5 Flying 858493.846 815938.888

19-Aug-06 1432 White-winged Black Tern 2 5 Flying 861978.1558 816865.4942

19-Aug-06 1439 Common Tern 1 5 Flying 861816.1575 817903.8604

19-Aug-06 1453 Common Tern 1 5 Feeding 861816.1575 817903.8604

19-Aug-06 1454 Common Tern 1 5 Flying 861842.9453 817968.532

19-Aug-06 1521 Common Tern 4 5 Flying 858223.5092 819572.335

19-Aug-06 1525 Common Tern 2 0 Resting 857528.7029 819830.9661

19-Aug-06 1527 Black-naped Tern 1 5 Flying 857343.441 820471.582

19-Aug-06 1529 Bridled Tern 1 5 Feeding 857805.3808 820162.9237

19-Aug-06 1531 Bridled Tern 2 5 Feeding 857696.9944 820325.1354

19-Aug-06 1532 Roseate Tern 3 5 Feeding 857202.0196 820113.0034

19-Aug-06 1532 Bridled Tern 1 5 Feeding 857266.9043 820156.3579

19-Aug-06 1533 Bridled Tern 22 5 Feeding 856419.5615 820354.2654

19-Aug-06 1544 Black-naped Tern 12 5 Feeding 857726.1244 820895.4615

19-Aug-06 
1600 - 
1610 

Bridled Tern 26 0 Feeding 857305.756 821171.163

19-Aug-06 
1600 - 
1610 

Black-naped Tern 50 0 Feeding 857305.756 821171.163

19-Aug-06 
1600 - 
1610 

Common Tern 3 0 Feeding 857305.756 821171.163

19-Aug-06 
1600 - 
1610 

Roseate Tern 5 0 Feeding 857305.756 821171.163

19-Aug-06 1613 Bridled Tern 78 N.A. Resting 856677.923 822209.722

19-Aug-06 1613 Black-naped Tern 28 N.A. Resting 856677.923 822209.722

19-Aug-06 1613 Roseate Tern 8 N.A. Resting 856677.923 822209.722

30-Aug-06 854 Collared Crow 1 10 Flying 841940.7255 816331.5861

30-Aug-06 859 Black Kite 1 5 Flying 842731.3078 815813.0914

30-Aug-06 926 Black Kite 2 30 Flying 847738.2165 811125.4716

30-Aug-06 1007 Black Kite 1 3 Flying 853658.8418 813066.4973

30-Aug-06 1013 Black Kite 2 35 Flying 854072.5773 814021.4347

30-Aug-06 1042 Chinese Bulbul 5 40 Flying 854248.6117 813596.4501

30-Aug-06 1049 Pacific Reef Egret 1 1 Flying 856052.524 814395.967

30-Aug-06 1100 Black Kite 1 30 Resting 856255.6062 814270.9927

30-Aug-06 1136 Bridled Tern 4 2 Feeding 859321.0439 813207.6327

30-Aug-06 1144 Common Tern 1 10 Flying 861360.9618 811783.6282

30-Aug-06 1156 Common Tern 4 1 Flying 860577.3183 812675.5109

30-Aug-06 1208 Black-naped Tern 2 3 Flying 861208.1827 812720.3451

30-Aug-06 1210 Common Tern 5 2 Flying 860806.9284 812121.1832

30-Aug-06 1248 Bridled Tern 1 3 Flying 863017.0168 813941.0256

30-Aug-06 1452 Bridled Tern 6 1 Flying 861619.9011 817952.6807

30-Aug-06 1526 Black Kite 1 20 Flying 856419.5615 820354.2654

30-Aug-06 1605 Black-naped Tern 9 N.A. Resting 856677.923 822209.722

23-Dec-06 849 Black Kite 1 40 Flying 842760.9726 815673.1885

23-Dec-06 850 Black Kite 1 20 Flying 843268.7196 815716.5762

23-Dec-06 906 Black Kite 1 20 Flying 845387.9532 813435.8913
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23-Dec-06 915 Black Kite 1 20 Flying 846326.5143 811963.552

23-Dec-06 918 White-bellied Sea Eagle 1 30 Flying 846786.2639 811511.5524

23-Dec-06 958 Pacific Reef Egret 1 10 Flying 850775.404 813290.761

23-Dec-06 1009 Black Kite 1 20 Flying 853206.5394 813217.6626

23-Dec-06 1020 Black Kite 2 40 Flying 854172.075 814231.226

23-Dec-06 1024 White-bellied Sea Eagle 1 190 Flying 854420.8192 813180.7043

23-Dec-06 1024 Black Kite 1 190 Flying 854420.8192 813180.7043

23-Dec-06 1041 Black Kite 1 20 Flying 854172.075 813731.226

23-Dec-06 1207 Black-tailed Gull 1 30 Flying 858634.164 813156.53

23-Dec-06 1439 Black-tailed Gull 1 30 Flying 857569.9665 816821.5714

23-Dec-06 1501 Black-tailed Gull 1 30 Flying 858459.06 817243.36

23-Dec-06 1503 Black-tailed Gull 1 0 Resting 859166.1778 816028.8702

23-Dec-06 1511 Black-tailed Gull 1 30 Flying 860500.5955 816666.8316

23-Dec-06 1531 Heuglin's Gull 1 20 Flying 861946.0984 817734.7226

30-Dec-06 829 Black Kite 5 50 Flying 842071.5875 816178.4941

30-Dec-06 829 Little Egret 1 2 Flying 842274.2293 816222.9884

30-Dec-06 837 Black Kite 3 5 Feeding 843621.662 815279.1007

30-Dec-06 838 Black Kite 1 20 Flying 844011.092 815072.042

30-Dec-06 844 Black Kite 1 10 Flying 844810.9247 813878.388

30-Dec-06 851 Black Kite 1 20 Flying 844829.9342 812058.9102

30-Dec-06 852 Black Kite 1 50 Flying 845936.5107 811885.2592

30-Dec-06 900 White-bellied Sea Eagle 1 50 Flying 846949.1263 810965.516

30-Dec-06 922 Black Kite 1 50 Flying 850290.6873 813751.6989

30-Dec-06 941 White-bellied Sea Eagle 1 55 Flying 854172.075 813151.226

30-Dec-06 946 Black Kite 2 7 Flying 854172.075 813713.226

30-Dec-06 948 Black Kite 2 120 Flying 853999.8675 814196.9718

30-Dec-06 1426 Black-tailed Gull 1 0 Resting 861451.1236 818229.6974

30-Dec-06 1433 Black-tailed Gull 2 10 Flying 860170.885 817917.565

12-Jan-07 902 Little Egret 6 0 Resting 842138.039 816184.0845

12-Jan-07 904 Black Kite 2 30 Flying 842671.1039 816030.2833

12-Jan-07 929 Black Kite 1 50 Flying 846499.9791 811720.4919

12-Jan-07 1025 Black Kite 1 13 Flying 854034.309 814113.8226

12-Jan-07 1028 Black Kite 1 50 Flying 854175.9018 813790.4648

12-Jan-07 1133 Ancient Murrelet 2 1 Flying 857553.6396 812552.0695

12-Jan-07 1343 Black-tailed Gull 15 0 Resting 860215.1233 815830.7883

12-Jan-07 1343 Heuglin's Gull 1 0 Resting 860215.1233 815830.7883

24-Jan-07 854 Black Kite 4 43 Flying 842805.9267 815803.5017

24-Jan-07 906 Black Kite 1 10 Flying 845009.74 814930.9977

24-Jan-07 915 Black Kite 1 20 Flying 846050.95 812958.207

24-Jan-07 933 Black Kite 1 30 Flying 848981.5664 811440.6844

24-Jan-07 936 Black Kite 3 10 Flying 849196.5287 812012.083

24-Jan-07 941 Black Kite 1 20 Flying 849731.4848 812793.4858

24-Jan-07 959 White-bellied Sea Eagle 1 30 Flying 852555.8924 814153.2684

24-Jan-07 1010 Black Kite 2 490 Flying 854355.9228 813597.3782
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24-Jan-07 1028 White-bellied Sea Eagle 1 100 Flying 853248.1955 814163.9094

24-Jan-07 1045 Osprey 1 20 Flying 856115.4027 814004.7331

24-Jan-07 1048 Black Kite 4 70 Flying 856055.274 814084.392

24-Jan-07 1444 Black-tailed Gull 1 10 Flying 860804.677 817876.144

8-Feb-07 917 Black Kite 1 50 Flying 845956.6843 812449.1277

8-Feb-07 926 Black Kite 1 50 Flying 847453.4714 811319.3094

8-Feb-07 926 Pacific Reef Egret 1 1 Flying 847594.8927 811460.7307

8-Feb-07 946 Black Kite 9 142 Flying 849324.9786 814042.7346

8-Feb-07 950 White-bellied Sea Eagle 1 98 Resting 850449.805 815243.144

8-Feb-07 1010 White-bellied Sea Eagle 1 80 Flying 854195.036 813836.6588

8-Feb-07 1011 Black Kite 1 127 Flying 854172.075 814381.226

8-Feb-07 1012 Black Kite 2 94 Flying 854483.202 813470.099

8-Feb-07 1018 Pacific Reef Egret 1 0 Resting 854282.075 813781.226

8-Feb-07 1524 Black Kite 1 10 Flying 857696.9944 819618.0286

8-Feb-07 1530 Black Kite 1 20 Flying 857543.441 819971.582

22-Feb-07 1514 Black Kite 1 20 Flying 861802.3809 817870.6007

22-Feb-07 909 Black Kite 2 25 Flying 842435.3798 816051.1599

22-Feb-07 959 Heuglin's Gull 1 20 Flying 850015.899 812140.3937

22-Feb-07 937 Black Kite 1 20 Flying 846755.1959 811350.2503

22-Feb-07 1032 Black Kite 1 50 Flying 854172.075 814181.226

22-Feb-07 1045 White-bellied Sea Eagle 1 50 Flying 854264.463 813742.9577

22-Feb-07 1049 White-bellied Sea Eagle 1 20 Flying 854272.075 813781.226

22-Feb-07 1045 Black Kite 1 50 Flying 854264.463 813742.9577

22-Feb-07 1054 Pacific Reef Egret 1 190 Resting 854192.075 813781.226

22-Feb-07 1251 Barn Swallow 1 5 Flying 862654.5361 814087.0279

22-Feb-07 1049 Black Kite 1 20 Flying 854202.6897 813707.3156

22-Feb-07 1547 Black Kite 1 50 Flying 857518.9781 819898.8721

22-Feb-07 1600 Black Kite 1 30 Flying 857343.441 818971.582

7-Mar-07 859 Black Kite 1 50 Flying 843208.3696 815316.9764

7-Mar-07 906 Black Kite 2 100 Flying 844623.2919 814140.8629

7-Mar-07 933 White-bellied Sea Eagle 1 33 Resting 850449.805 815243.144

7-Mar-07 946 Pacific Reef Egret 2 1 Flying 853314.63 813805.3728

7-Mar-07 953 Black Kite 2 47 Flying 854172.075 814049.226

7-Mar-07 954 Black Kite 1 50 Flying 854191.5919 813734.1081

7-Mar-07 954 Black Kite 2 105 Flying 854409.3387 813208.4207

7-Mar-07 1030 Black Kite 1 200 Flying 855704.655 813723.942

7-Mar-07 1456 Little Egret 2 1 Flying 857308.0857 819936.2267

7-Mar-07 1504 Black Kite 1 50 Flying 857343.441 819883.582

10-Mar-07 842 Black Kite 1 2 Flying 841891.634 816718.6278

10-Mar-07 855 Black Kite 1 20 Flying 844072.9065 814731.5415

10-Mar-07 903 Black Kite 2 30 Flying 845491.4827 814957.8622

10-Mar-07 928 White-bellied Sea Eagle 1 50 Flying 850768.2972 814893.5672

10-Mar-07 928 White-bellied Sea Eagle 1 50 Resting 850449.805 815243.144

10-Mar-07 940 Black Kite 1 20 Flying 853040.391 813771.362
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10-Mar-07 956 Black Kite 3 55 Flying 854343.1345 813368.2518

10-Mar-07 1005 Pacific Reef Egret 1 2 Resting 854273.175 813522.86

10-Mar-07 1010 Black Kite 1 20 Flying 854031.3608 813640.5118

10-Mar-07 1049 Black-tailed Gull 1 20 Flying 857424.6528 813372.5442

10-Mar-07 1119 Pomarine Skua 4 20 Flying 861360.9618 811783.6282

10-Mar-07 1120 Heuglin's Gull 1 30 Flying 860793.8621 812630.7421

10-Mar-07 1147 Pomarine Skua 5 20 Flying 861909.068 813045.158

10-Mar-07 1207 Heuglin's Gull 1 50 Flying 863571.3445 813711.4156

10-Mar-07 1219 Pomarine Skua 1 20 Flying 863147.465 814094.099

10-Mar-07 1445 Black Kite 1 30 Flying 857343.441 818971.582

15-Mar-07 913 Black Kite 2 10 Flying 844585.745 815033.341

15-Mar-07 932 Black Kite 1 10 Resting 847006.8204 811465.0919

15-Mar-07 937 Black Kite 4 30 Flying 848885.281 810744.854

15-Mar-07 947 Red-necked Phalarope 3 1 Flying 849893.9008 812600.2767

15-Mar-07 956 Pacific Reef Egret 1 1 Flying 850299.1073 814046.9673

15-Mar-07 1001 Black Kite 2 38 Flying 850693.3627 815260.8469

15-Mar-07 1002 Pacific Reef Egret 1 3 Flying 851339.083 814807.864

15-Mar-07 1009 Red-necked Phalarope 3 1 Flying 852443.092 814174.6797

15-Mar-07 1011 Red-necked Phalarope 8 1 Flying 852950.356 813889.8758

15-Mar-07 1020 Black Kite 5 104 Flying 854273.175 813522.86

15-Mar-07 1022 Black Kite 2 86 Flying 854273.175 813522.86

2-Apr-07 1008 Crested Myna 2 10 Resting 854149.708 813443.8437

15-Mar-07 1029 Pacific Reef Egret 1 0 Resting 854267.7459 813550.2561

10-Apr-07 1003 Crested Myna 2 160 Resting 854772.075 813781.226

15-Mar-07 1036 Osprey 1 10 Resting 856190.5997 814012.0172

15-Mar-07 1110 Red-necked Phalarope 3 1 Flying 856755.8143 813987.263

15-Mar-07 1121 Black Kite 1 50 Flying 856604.2717 813806.1827

15-Mar-07 1148 Unidentified Gull 1 5 Flying 860762.094 812568.726

15-Mar-07 1157 Red-necked Phalarope 1 1 Flying 861115.7948 812299.3933

15-Mar-07 1204 Heuglin's Gull 1 5 Flying 860618.4997 812526.0903

15-Mar-07 1204 Heuglin's Gull 1 5 Flying 860684.4697 812416.8246

15-Mar-07 1307 Heuglin's Gull 1 30 Flying 861656.187 815023.5289

15-Mar-07 1323 Heuglin's Gull 1 10 Flying 862155.5215 814989.9166

15-Mar-07 1350 Common Kingfisher 1 1 Flying 858873.776 816304.0968

15-Mar-07 1512 Red-necked Phalarope 1 1 Flying 860918.2723 818299.1041

15-Mar-07 1514 Barn Swallow 2 2 Flying 860404.4467 818645.1297

15-Mar-07 1518 Red-necked Phalarope 3 0 Resting 859464.6771 819150.56

15-Mar-07 1533 Barn Swallow 1 1 Flying 857361.9186 819963.9283

16-Mar-07 916 Black Kite 1 30 Flying 842970.704 816050.11

16-Mar-07 937 Red-necked Phalarope 3 0 Resting 845984.231 812216.28

16-Mar-07 949 Black Kite 4 35 Flying 847959.108 811146.731

16-Mar-07 958 Red-necked Phalarope 6 0 Resting 849582.839 812278.4377

16-Mar-07 1000 Red-necked Phalarope 1 0 Resting 849732.7911 812676.1641

16-Mar-07 1001 Curlew 1 50 Flying 849858.6433 812878.3333
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16-Mar-07 1012 White-bellied Sea Eagle 2 105 Resting 850449.805 815243.144

16-Mar-07 1019 Red-necked Phalarope 12 1 Flying 851882.1257 814181.6057

16-Mar-07 1030 Black Kite 1 22 Resting 854273.175 813522.86

16-Mar-07 1033 Black Kite 3 100 Flying 854136.7197 813816.5813

16-Mar-07 1036 Common Kestrel 1 84 Flying 854354.2323 813341.4593

16-Mar-07 1110 Black Kite 1 71 Flying 856338.1943 813937.8404

16-Mar-07 1200 Heuglin's Gull 1 0 Resting 861022.6934 813479.1885

16-Mar-07 1243 Heuglin's Gull 2 30 Flying 862626.2518 814072.8858

16-Mar-07 1256 Heuglin's Gull 1 30 Flying 862647.465 814064.099

16-Mar-07 1258 Barn Swallow 1 2 Flying 862647.465 814074.099

16-Mar-07 1301 Heuglin's Gull 1 2 Flying 862647.465 813994.099

16-Mar-07 1537 Red-necked Phalarope 1 1 Flying 858454.2043 819687.3003

16-Mar-07 1547 Black Kite 1 30 Flying 856960.7576 819047.7025

16-Mar-07 1611 Little Egret 4 5 Flying 857343.441 819271.582

16-Mar-07 1621 White-bellied Sea Eagle 1 40 Flying 856687.2295 821027.4491

20-Mar-07 853 Black Kite 1 100 Flying 843138.7679 815593.807

20-Mar-07 930 White-bellied Sea Eagle 1 202 Resting 850449.805 815243.144

20-Mar-07 940 Barn Swallow 3 1 Flying 853071.1844 813771.1495

20-Mar-07 947 Black Kite 2 50 Flying 854172.075 813996.226

20-Mar-07 950 Pacific Reef Egret 1 5 Flying 854222.075 813781.226

20-Mar-07 959 Black Kite 1 20 Flying 854102.7785 813850.5225

20-Mar-07 1010 Black Kite 3 73 Flying 854172.075 813366.226

20-Mar-07 1025 Black Kite 1 20 Flying 856184.6249 813723.5073

20-Mar-07 1035 Black Kite 1 102 Flying 856277.546 814079.651

20-Mar-07 1110 Unidentified Raptor 1 70 Flying 862898.0474 812047.8835

20-Mar-07 1127 Barn Swallow 1 1 Flying 860672.3326 812483.0813

20-Mar-07 1132 Wood Sandpiper 1 50 Flying 860516.6763 812353.5563

20-Mar-07 1154 Red-necked Phalarope 1 3 Flying 861389.439 813286.1052

20-Mar-07 1305 Barn Swallow 2 1 Flying 861231.642 815402.6

20-Mar-07 1307 Cattle Egret 1 2 Flying 862155.5215 815755.2834

20-Mar-07 1345 Barn Swallow 2 1 Flying 858543.846 816438.888

20-Mar-07 1400 Red-necked Phalarope 1 1 Flying 860215.138 817096.9707

20-Mar-07 1501 Red-necked Phalarope 2 1 Flying 857443.441 819971.582

20-Mar-07 1529 Black Kite 1 14 Flying 856532.441 819971.582

20-Mar-07 1531 White-bellied Sea Eagle 1 28 Flying 856671.7363 821134.7047

20-Mar-07 1539 White-bellied Sea Eagle 3 53 Resting 856702.451 821254.287

26-Mar-07 913 Red-necked Phalarope 7 0 Resting 844893.8488 812884.7088

26-Mar-07 943 Pacific Reef Egret 1 2 Flying 850309.268 814597.9723

26-Mar-07 945 White-bellied Sea Eagle 2 38 Resting 850463.257 815063.97

26-Mar-07 953 Red-necked Phalarope 1 1 Flying 851922.1803 814249.0987

26-Mar-07 1031 Pacific Reef Egret 1 2 Flying 854172.075 813731.226

26-Mar-07 1039 Red-necked Phalarope 1 1 Flying 854910.92 813793.106

26-Mar-07 1134 Red-necked Phalarope 1 2 Flying 860363.562 813428.9328

26-Mar-07 1146 Red-necked Phalarope 1 0 Resting 860672.9892 812444.541



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment  

 
 

ESB-146/2006 Issue 3, May 2009 Appendix 7A – Page 17 
 
 

Date Time Species Number 

Estimated 
Flight 
Height 
from 

Water (m)

Behaviour 
(Flying / 

Feeding / 
Resting) 

Bird x 
coordinate

Bird y 
coordinate

26-Mar-07 1154 Pomarine Skua 1 20 Flying 860730.009 812306.883

26-Mar-07 1312 Pomarine Skua 1 20 Flying 862859.597 813881.967

26-Mar-07 1320 Red-necked Phalarope 2 1 Flying 862573.5546 814124.7137

26-Mar-07 1326 Streaked Shearwater 2 2 Flying 862576.7543 814023.3883

26-Mar-07 1350 Red-necked Phalarope 1 1 Flying 858472.6328 816417.6748

26-Mar-07 1412 Red-necked Phalarope 1 1 Flying 858507.9881 816424.7459

26-Mar-07 1416 Little Swift 1 20 Flying 859444.084 817154.22

26-Mar-07 1433 Red-necked Phalarope 1 1 Flying 861783.4638 817897.3572

26-Mar-07 1447 Unidentified Tern 1 20 Flying 861804.677 816876.144

26-Mar-07 1452 Long-tailed Skua 1 20 Flying 861767.174 817785.6038

26-Mar-07 1455 Pomarine Skua 1 20 Flying 862728.5565 817493.4606

26-Mar-07 1455 Long-tailed Skua 2 20 Flying 862728.5565 817493.4606

26-Mar-07 1501 Little Egret 13 2 Flying 861108.782 818190.951

26-Mar-07 1506 Little Swift 1 5 Flying 860257.618 818796.174

26-Mar-07 1524 Red-necked Phalarope 1 1 Flying 857322.2278 819950.3688

26-Mar-07 1535 Red-necked Phalarope 5 1 Flying 857343.441 820021.582

26-Mar-07 1539 Red-necked Phalarope 6 1 Flying 857381.7093 819879.194

26-Mar-07 1549 Red-necked Phalarope 8 0 Resting 857389.635 819990.7162

26-Mar-07 1554 Red-necked Phalarope 37 0 Feeding 856904.0248 820691.7112

26-Mar-07 1559 White-bellied Sea Eagle 1 52 Resting 856683.877 821110.569

26-Mar-07 1601 Peregrine Falcon 1 2 Feeding 856488.8435 821474.5131

29-Mar-07 910 Black Kite 1 50 Flying 844448.2933 814344.6887

29-Mar-07 913 Black Kite 1 10 Flying 844759.3514 813991.6346

29-Mar-07 916 Black Kite 1 20 Flying 845412.3764 812819.9925

29-Mar-07 927 White-bellied Sea Eagle 1 100 Resting 846917.849 811576.393

29-Mar-07 933 Pacific Reef Egret 1 100 Feeding 847914.028 810875.3523

29-Mar-07 935 Black Kite 2 80 Resting 848170.3642 811132.8928

29-Mar-07 938 Red-necked Phalarope 5 0 Resting 848978.3859 811403.5533

29-Mar-07 947 Black Kite 1 60 Flying 850012.8517 814025.6081

29-Mar-07 951 White-bellied Sea Eagle 2 50 Resting 850284.4296 814537.7636

29-Mar-07 954 Red-necked Phalarope 80 0 Resting 850846.954 814712.7418

29-Mar-07 959 Red-necked Phalarope 20 0 Resting 852017.189 814305.5182

29-Mar-07 1003 Black Kite 3 100 Flying 852892.121 813749.762

29-Mar-07 1007 Pacific Reef Egret 1 100 Flying 853804.9747 813635.5077

29-Mar-07 1011 Black Kite 10 300 Flying 853734.264 813964.797

29-Mar-07 1022 Black Kite 4 500 Flying 854176.9128 814007.4458

29-Mar-07 1024 Barn Swallow 1 120 Flying 853804.9747 813635.5077

29-Mar-07 1034 Pacific Reef Egret 2 200 Flying 853942.1369 813650.9008

29-Mar-07 1049 Barn Swallow 3 10 Flying 856366.2909 813940.5679

29-Mar-07 1050 Red-necked Phalarope 40 0 Resting 856671.172 814174.053

29-Mar-07 1050 Barn Swallow 10 5 Flying 856721.172 814074.053

29-Mar-07 1055 Red-necked Phalarope 20 10 Flying 856855.9479 814150.5897

29-Mar-07 1056 Unidentified Egret 30 100 Flying 857007.332 813998.7619

29-Mar-07 1123 Red-necked Phalarope 20 0 Resting 857805.665 813678.712
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29-Mar-07 1132 Barn Swallow 1 10 Flying 860133.6643 812867.9297

29-Mar-07 1150 Pomarine Skua 1 10 Flying 861667.334 812660.549

29-Mar-07 1152 Barn Swallow 4 10 Flying 860767.334 812660.549

29-Mar-07 1213 Barn Swallow 2 5 Flying 862735.1891 814151.1371

29-Mar-07 1218 Red-necked Phalarope 1 5 Flying 862763.4733 814179.4213

29-Mar-07 1251 Red-necked Phalarope 1 5 Flying 861062.2097 813513.781

29-Mar-07 1320 Barn Swallow 5 5 Flying 861026.8253 815381.0353

29-Mar-07 1330 Red-necked Phalarope 30 0 Resting 858448.1107 816525.9053

29-Mar-07 1407 Red-necked Phalarope 2 0 Resting 859876.795 817094.6107

29-Mar-07 1417 Red-necked Phalarope 5 0 Resting 861711.4333 817930.8963

29-Mar-07 1541 White-breasted Kingfisher 1 20 Resting 855778.2253 822333.58

2-Apr-07 849 Black Kite 1 50 Flying 843994.9542 814598.0148

2-Apr-07 851 Black Kite 4 20 Flying 844164.29 814426.271

2-Apr-07 859 Black Kite 1 100 Flying 846006.8308 812470.3312

2-Apr-07 930 Black Kite 1 100 Flying 850577.7683 814166.1263

2-Apr-07 932 White-bellied Sea Eagle 2 50 Resting 850476.7736 814591.4586

2-Apr-07 952 Black Kite 2 200 Flying 853840.6533 813887.7041

2-Apr-07 956 Blue Rock Thrush 1 10 Resting 854278.0809 813484.9763

2-Apr-07 1006 Peregrine Falcon 1 300 Flying 854134.244 814214.403

30-May-06 1033 Crested Myna 4 18 Resting 854105.512 813402.807

2-Apr-07 1011 Yellow-bellied Prinia 1 10 Resting 854023.114 813269.192

2-Apr-07 1015 Pacific Swift 30 100 Flying 854011.5353 813280.739

2-Apr-07 1017 Barn Swallow 1 5 Flying 853956.7148 813389.5722

2-Apr-07 1058 Little Egret 30 5 Flying 856867.8779 814069.5093

2-Apr-07 1128 Cattle Egret 3 100 Flying 860815.7503 812442.835

2-Apr-07 1222 Streaked Shearwater 2 100 Flying 863251.35 814850.992

2-Apr-07 1538 White-bellied Sea Eagle 1 50 Resting 856675.059 821441.734

6-Apr-07 928 Red-necked Phalarope 1 0 Resting 843701.6251 814921.2689

6-Apr-07 936 Red-necked Phalarope 1 0 Resting 844832.753 813745.619

6-Apr-07 938 Black Kite 1 2 Feeding 845294.7477 813278.3213

6-Apr-07 942 Black Kite 1 20 Flying 846029.0954 812349.8186

6-Apr-07 1011 Black Kite 1 84 Flying 850449.805 815243.144

6-Apr-07 1014 White-bellied Sea Eagle 1 24 Resting 850449.805 815243.144

6-Apr-07 1023 Pacific Reef Egret 1 10 Flying 852226.1722 813982.0744

6-Apr-07 1040 White-bellied Sea Eagle 2 86 Resting 854123.313 814285.648

6-Apr-07 1044 White-bellied Sea Eagle 3 1 Flying 854612.7655 813598.686

6-Apr-07 1047 Little Swift 3 55 Flying 854409.7214 813207.4968

6-Apr-07 1047 Black Kite 3 55 Flying 854409.7214 813207.4968

6-Apr-07 1113 Black Kite 1 44 Resting 856213.781 814025.76

6-Apr-07 1139 Red-necked Phalarope 2 1 Flying 856717.546 814059.651

6-Apr-07 1156 Red-necked Phalarope 1 0 Resting 860577.3183 812305.9591

6-Apr-07 1226 Red-necked Phalarope 2 0 Resting 861654.5701 813147.8119

6-Apr-07 1325 Little Egret 1 1 Flying 862555.077 814132.3673

6-Apr-07 1330 Red-necked Phalarope 1 0 Resting 861239.2957 815354.1224
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6-Apr-07 1335 Common Tern 1 10 Flying 861210.4288 815393.8132

6-Apr-07 1410 Little Egret 2 1 Flying 858474.7118 816485.082

6-Apr-07 1422 Red-necked Phalarope 1 0 Resting 859791.7851 817048.5939

6-Apr-07 1432 Red-necked Phalarope 1 0 Resting 861897.065 817837.8757

6-Apr-07 1458 Wood Sandpiper 30 1 Flying 861733.9663 817805.4333

6-Apr-07 1535 Black Kite 1 30 Flying 857303.441 819971.582

6-Apr-07 1548 Black Kite 1 20 Flying 857412.7375 819902.2855

6-Apr-07 1557 White-bellied Sea Eagle 1 50 Flying 856819.604 821343.998

6-Apr-07 1602 White-bellied Sea Eagle 4 34 Feeding 856823.6731 821128.4752

10-Apr-07 845 White-bellied Sea Eagle 1 20 Flying 842032.1262 816873.115

10-Apr-07 848 Black Kite 2 152 Flying 842658.071 815615.647

10-Apr-07 850 Black Kite 1 20 Flying 843023.2509 816087.5317

10-Apr-07 856 Black Kite 2 10 Flying 843961.5003 815105.0287

10-Apr-07 901 Black Kite 1 10 Flying 845139.7774 814342.5056

10-Apr-07 930 White-bellied Sea Eagle 1 104 Resting 850542.496 815142.019

10-Apr-07 933 Common Tern 4 20 Flying 851162.1544 814483.6186

10-Apr-07 943 Red-necked Phalarope 1 1 Flying 853257.2397 813763.5614

10-Apr-07 950 Pacific Reef Egret 2 2 Resting 854064.1583 814041.76

10-Apr-07 1000 Black Kite 1 163 Flying 854782.075 813781.226

5-Jun-06 1020 Crested Myna 4 200 Flying 853988.2272 813965.0738

10-Apr-07 1005 Red-necked Phalarope 2 0 Resting 854221.5725 813731.7285

10-Apr-07 1025 Red-necked Phalarope 2 0 Resting 855686.939 813839.5168

10-Apr-07 1030 Red-necked Phalarope 2 0 Resting 856736.6802 814033.457

10-Apr-07 1033 Black Kite 1 58 Flying 856247.546 814079.651

10-Apr-07 1041 Common Tern 1 1 Flying 856858.9674 813938.2296

10-Apr-07 1042 Little Egret 8 1 Flying 856994.7099 813964.846

10-Apr-07 1058 Black Kite 1 20 Flying 857100.2294 813155.7715

10-Apr-07 1059 Wood Sandpiper 6 1 Flying 856794.0827 813894.8751

10-Apr-07 1103 Pacific Golden Plover 2 1 Flying 858645.3579 813187.9093

10-Apr-07 1103 Little Egret 20 2 Flying 858843.2654 812340.5665

10-Apr-07 1133 Common Tern 4 10 Flying 860653.855 812690.735

10-Apr-07 1153 Little Egret 25 1 Flying 862291.946 813765.233

10-Apr-07 1339 Red-necked Phalarope 1 1 Flying 858540.04 816419.7538

10-Apr-07 1342 Yellow Wagtail 5 2 Flying 858543.846 816438.888

10-Apr-07 1352 Barn Swallow 1 5 Flying 860644.463 817260.7968

10-Apr-07 1409 Unidentified Skua 1 5 Flying 861097.5702 817169.0372

10-Apr-07 1417 Unidentified Skua 15 10 Flying 861804.677 816876.144

10-Apr-07 1425 Long-tailed Skua 2 5 Flying 862804.677 817876.144

10-Apr-07 1426 Green Sandpiper 1 2 Flying 861854.677 817876.144

10-Apr-07 1439 Greater Sand Plover 1 1 Flying 860185.7788 818384.773

10-Apr-07 1506 Black Kite 1 50 Flying 856960.7576 819047.7025

10-Apr-07 1508 Black Kite 1 20 Flying 857843.441 819971.582

10-Apr-07 1510 Whimbrel 15 20 Flying 858267.3205 820354.2654

10-Apr-07 1515 Pacific Reef Egret 1 1 Flying 857243.441 819971.582
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10-Apr-07 1521 White-bellied Sea Eagle 1 1 Flying 857843.441 819971.582

10-Apr-07 1536 White-bellied Sea Eagle 2 24 Flying 856605.7542 821185.4202

12-Apr-07 848 Black Kite 1 10 Flying 842378.2062 816455.528

12-Apr-07 853 Black Kite 2 20 Flying 843310.2389 815596.8433

12-Apr-07 858 Black Kite 1 10 Flying 843971.3483 814916.965

12-Apr-07 921 Black Kite 3 50 Flying 850261.408 815216.801

12-Apr-07 936 Black Kite 3 20 Flying 851618.639 814630.67

12-Apr-07 953 Pacific Reef Egret 1 1 Flying 854101.3643 813710.5153

12-Apr-07 958 Black Kite 3 50 Flying 850449.805 815243.144

12-Apr-07 1123 Pacific Golden Plover 3 1 Flying 860703.855 812490.735

12-Apr-07 1155 Red-necked Phalarope 1 1 Flying 862039.9297 813178.0223

12-Apr-07 1447 Red-necked Phalarope 1 2 Flying 861850.871 817857.0098

12-Apr-07 1512 Black Kite 2 20 Flying 857731.2145 819823.7255

12-Apr-07 1543 Black Kite 1 30 Flying 857411.3233 819903.6997

12-Apr-07 1551 White-bellied Sea Eagle 2 24 Resting 856718.242 821118.158

16-Apr-07 906 Chinese Pond Heron 4 10 Flying 845567.1898 813618.642

16-Apr-07 1242 Black Kite 1 10 Flying 862842.343 815653.642

16-Apr-07 923 Pacific Reef Egret 1 2 Flying 848224.1844 811030.3774

16-Apr-07 932 Red-necked Phalarope 1 0 Resting 849813.253 812606.311

16-Apr-07 933 Pacific Reef Egret 1 2 Flying 850051.853 812840.899

16-Apr-07 917 Black Kite 1 20 Flying 846438.5236 810587.9715

16-Apr-07 943 White-bellied Sea Eagle 2 115 Resting 850562.784 815132.3067

16-Apr-07 943 Pacific Reef Egret 1 1 Resting 850594.8953 815056.58

16-Apr-07 939 Black Kite 1 20 Flying 850017.4186 814293.2024

16-Apr-07 1005 Black Kite 1 100 Flying 854172.075 813894.226

16-Apr-07 1034 Pacific Reef Egret 1 300 Flying 854631.006 813866.539

16-Apr-07 1046 Great Egret 1 1 Flying 856334.8626 813155.7715

16-Apr-07 1118 Red-necked Phalarope 1 0 Resting 857831.014 813750.455

16-Apr-07 1129 Red-necked Phalarope 13 0 Resting 861300.6945 813159.0524

16-Apr-07 1134 Red-necked Phalarope 6 1 Flying 860653.855 812290.735

16-Apr-07 1147 Barn Swallow 3 5 Flying 860469.0791 812414.1983

16-Apr-07 1204 Red-necked Phalarope 3 0 Resting 861836.3238 812940.9523

16-Apr-07 1005 Black Kite 4 82 Flying 854172.075 814203.226

16-Apr-07 1406 Red-necked Phalarope 2 0 Resting 859907.5453 816972.1567

16-Apr-07 1540 White-bellied Sea Eagle 2 44 Resting 856754.1109 821155.1621

19-Apr-07 1408 Black Kite 1 30 Flying 858493.846 817438.888

19-Apr-07 939 Pacific Reef Egret 1 1 Flying 849666.324 813475.533

19-Apr-07 918 Black Kite 1 10 Flying 845290.0316 813971.7956

19-Apr-07 952 Red-necked Phalarope 1 1 Flying 851670.5511 814532.7541

19-Apr-07 1000 Red-necked Phalarope 6 0 Resting 853154.7747 813554.863

19-Apr-07 941 Black Kite 1 30 Flying 849899.21 813913.648

19-Apr-07 1005 Black Kite 2 39 Flying 854000.6328 814195.124

19-Apr-07 1024 Black Kite 1 50 Flying 854445.5433 813667.9517

19-Apr-07 1037 Black Kite 1 20 Flying 854787.5404 813993.3314
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19-Apr-07 1107 Barn Swallow 2 2 Flying 856763.74 814060.5168

19-Apr-07 1222 Red-necked Phalarope 1 1 Flying 862586.7948 813306.02

19-Apr-07 1309 Unidentified Tern 1 10 Flying 860231.642 815372.6

19-Apr-07 1337 Red-necked Phalarope 1 0 Resting 861252.8552 815351.3868

19-Apr-07 1400 Unidentified shore bird 12 1 Flying 858543.846 816438.888

19-Apr-07 1050 Black Kite 2 96 Flying 856217.7272 813872.6193

19-Apr-07 1429 Red-necked Phalarope 1 1 Flying 860405.4445 817203.9116

19-Apr-07 1432 Red-necked Phalarope 1 1 Flying 860900.313 817456.208

19-Apr-07 1456 Little Tern 1 10 Flying 861840.0323 817840.7887

19-Apr-07 1520 Whimbrel 9 1 Flying 859050.7018 819302.2336

19-Apr-07 1534 Black Kite 1 20 Flying 857484.8624 819830.1606

19-Apr-07 1608 White-bellied Sea Eagle 1 75 Flying 856749.175 821085.897

23-Apr-07 918 Black Kite 1 20 Flying 846542.0864 813692.3414

23-Apr-07 933 Black Kite 3 90 Flying 849141.929 814046.038

23-Apr-07 944 White-bellied Sea Eagle 2 49 Flying 850547.2066 815167.4018

23-Apr-07 948 Red-necked Phalarope 2 1 Flying 852882.032 813890.478

23-Apr-07 1003 Black Kite 1 10 Flying 854172.075 813881.226

23-Apr-07 1028 Red-necked Phalarope 1 0 Resting 855726.182 813731.388

23-Apr-07 1043 Red-necked Phalarope 1 1 Flying 856763.74 814060.5168

23-Apr-07 1055 Black Kite 1 50 Flying 855717.546 814079.651

23-Apr-07 1059 Red-necked Phalarope 1 0 Resting 856763.74 814060.5168

23-Apr-07 1100 Red-necked Phalarope 3 1 Flying 856817.546 814079.651

23-Apr-07 1103 Red-necked Phalarope 1 0 Resting 859091.6293 813519.7057

23-Apr-07 1110 Red-necked Phalarope 2 1 Flying 860412.1189 812705.1383

23-Apr-07 1111 Red-necked Phalarope 2 0 Feeding 860703.855 812490.735

23-Apr-07 1143 Red-necked Phalarope 2 0 Feeding 862056.5171 813290.8809

23-Apr-07 1200 Red-necked Phalarope 2 0 Feeding 862718.1757 814164.8097

23-Apr-07 1205 Red-necked Phalarope 1 0 Feeding 862685.7333 814001.711

23-Apr-07 1216 Unidentified Tern 3 10 Flying 862264.7816 815017.9785

23-Apr-07 1235 Red-necked Phalarope 3 1 Flying 861031.642 815372.6

23-Apr-07 1313 Red-necked Phalarope 4 1 Flying 858401.458 816477.1563

23-Apr-07 1326 Red-necked Phalarope 3 0 Resting 858593.846 816438.888

23-Apr-07 1419 Red-necked Phalarope 1 1 Flying 861604.677 817876.14

23-Apr-07 1423 Red-necked Phalarope 14 1 Flying 861818.8191 817890.2861

23-Apr-07 1453 Black Kite 1 20 Flying 856989.8876 820325.1354

23-Apr-07 1415 Red-necked Phalarope 5 0 Resting 857329.2989 819985.7241

23-Apr-07 1532 White-bellied Sea Eagle 3 50 Resting 856857.3489 821142.1621

26-Apr-07 849 Black Kite 1 30 Flying 842375.3877 816336.0577

26-Apr-07 858 Black Kite 1 10 Flying 844347.6797 814636.1112

26-Apr-07 954 Black Kite 2 42 Flying 854483.4224 813910.1903

26-Apr-07 1003 Pacific Reef Egret 1 1 Flying 854152.9408 813735.032

26-Apr-07 1014 Black Kite 1 50 Flying 854309.2537 813644.0473

26-Apr-07 1029 Pacific Swift 2 71 Feeding 856250.9868 814272.9061

26-Apr-07 1125 Cattle Egret 9 1 Flying 861007.4084 812137.1816
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26-Apr-07 1246 Cattle Egret 14 1 Flying 861373.0634 815231.1786

26-Apr-07 1334 Little Egret 3 1 Flying 858540.04 816458.0222

26-Apr-07 1510 Black Kite 1 20 Flying 857805.3808 819780.2403

26-Apr-07 1526 White-bellied Sea Eagle 2 65 Flying 856716.471 821121.759

30-Apr-07 1347 Black Kite 1 20 Flying 857786.7392 817145.9948

30-Apr-07 937 Red-necked Phalarope 2 0 Resting 849661.9072 813040.353

30-Apr-07 946 White-bellied Sea Eagle 2 87 Resting 850564.778 815225.254

30-Apr-07 946 Red-necked Phalarope 3 0 Resting 850408.2943 814790.6016

30-Apr-07 1353 Black Kite 1 20 Flying 858401.458 816400.6197

30-Apr-07 951 Red-necked Phalarope 9 0 Resting 851555.4963 814653.311

30-Apr-07 951 Red-necked Phalarope 20 0 Resting 851517.228 814510.923

30-Apr-07 952 Pacific Reef Egret 1 5 Flying 851845.439 814243.131

30-Apr-07 956 Pacific Reef Egret 1 2 Flying 852968.1944 813848.7116

30-Apr-07 1005 Grey-faced Buzzard 1 100 Flying 854359.5899 813328.525

30-Apr-07 1005 Chinese Goshawk 4 100 Flying 854359.5899 813328.525

30-Apr-07 1007 Peregrine Falcon 1 50 Flying 854253.3764 813814.9021

30-Apr-07 1020 Pacific Reef Egret 1 1 Flying 854210.3433 813688.838

30-Apr-07 1035 Red-necked Phalarope 5 1 Flying 855004.4493 813800.3287

30-Apr-07 1036 Red-necked Phalarope 35 0 Resting 855257.2556 813858.4277

30-Apr-07 859 Black Kite 1 30 Flying 843972.42 815686.456

30-Apr-07 949 Black Kite 1 5 Flying 851371.6924 814796.1904

30-Apr-07 1054 Red-necked Phalarope 6 0 Resting 856625.158 814117.9193

30-Apr-07 1112 Short-tailed Shearwater 1 2 Flying 857217.546 814079.651

30-Apr-07 1124 Aleutian Tern 1 20 Flying 859873.973 812788.454

30-Apr-07 1130 Red-necked Phalarope 2 0 Resting 860689.2103 812526.0903

30-Apr-07 1140 Bridled Tern 3 20 Flying 860577.3183 812305.9591

30-Apr-07 1143 Unidentified Tern 3 20 Feeding 859729.9755 812108.0516

30-Apr-07 1200 Red-necked Phalarope 7 0 Resting 862088.939 813062.5748

30-Apr-07 1203 Unidentified Tern 3 30 Flying 863454.194 813591.775

30-Apr-07 1206 Red-necked Phalarope 7 0 Resting 862619.7486 814105.5795

30-Apr-07 1208 Cattle Egret 2 20 Flying 862629.4789 814137.5213

30-Apr-07 1211 Common Tern 1 20 Flying 862684.968 814003.5588

30-Apr-07 1213 Red-necked Phalarope 10 0 Resting 862666.5992 814047.905

30-Apr-07 1223 Little Tern 1 10 Flying 862628.3308 814047.905

30-Apr-07 1229 Streaked Shearwater 2 2 Flying 861647.465 814094.099

30-Apr-07 1232 Aleutian Tern 1 10 Flying 861300.4322 814646.4282

30-Apr-07 1243 Common Tern 1 10 Flying 861155.1053 815187.8241

30-Apr-07 1247 Common Tern 1 10 Flying 861308.1787 815557.3759

30-Apr-07 1247 Aleutian Tern 1 10 Flying 861308.1787 815557.3759

30-Apr-07 1314 Red-necked Phalarope 20 1 Flying 860210.5573 815621.5263

30-Apr-07 1320 Streaked Shearwater 2 2 Flying 859728.245 817291.361

30-Apr-07 1325 Red-necked Phalarope 12 0 Resting 858466.1296 816427.4075

30-Apr-07 1335 Aleutian Tern 2 10 Flying 858512.9802 816392.694

30-Apr-07 1335 Common Tern 1 10 Flying 858532.1143 816346.5
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30-Apr-07 1344 Red-necked Phalarope 20 0 Resting 858540.04 816419.7538

30-Apr-07 1039 Black Kite 2 65 Flying 856163.186 814060.402

30-Apr-07 1041 Black Kite 1 10 Flying 856560.615 813658.489

30-Apr-07 1359 Red-necked Phalarope 4 0 Resting 859610.7556 816987.0597

30-Apr-07 1414 Unidentified Tern 1 20 Flying 862004.677 817876.144

30-Apr-07 1432 Little Egret 1 20 Flying 861771.443 817842.91

30-Apr-07 1448 Red-necked Phalarope 10 0 Resting 859846.4107 818654.0783

30-Apr-07 1527 Black Kite 1 30 Flying 857419.9777 820156.3579

30-Apr-07 1535 White-bellied Sea Eagle 3 52 Resting 856862.544 821067.981

30-Apr-07 1537 Pacific Swift 2 50 Flying 856862.544 821097.981

11-May-07 922 Black Kite 1 20 Flying 849634.7987 813568.2769

11-May-07 937 Red-necked Phalarope 4 1 Flying 851416.7403 814669.3897

11-May-07 1002 Black Kite 1 78 Flying 854485.3233 814094.4743

11-May-07 1003 Pacific Reef Egret 1 2 Flying 854313.4964 813639.8046

11-May-07 1100 Bridled Tern 1 2 Flying 856994.7099 813964.846

11-May-07 1125 White-winged Black Tern 1 3 Flying 859218.9047 812755.3382

11-May-07 1127 White-winged Black Tern 5 2 Flying 859168.1077 813023.646

11-May-07 1257 Bridled Tern 1 5 Flying 859231.642 815372.6

11-May-07 1257 Black-naped Tern 1 5 Flying 861585.1954 815019.0466

11-May-07 1331 White-winged Black Tern 1 2 Flying 859199.997 816024.804

11-May-07 1333 White-winged Black Tern 3 2 Flying 859224.9717 816580.4768

11-May-07 1347 Red-necked Phalarope 1 0 Resting 858493.846 816458.888

11-May-07 1416 Red-necked Phalarope 2 2 Flying 860074.558 817151.607

11-May-07 1422 Red-necked Phalarope 1 0 Resting 861049.8401 817596.8399

11-May-07 1440 White-winged Black Tern 1 2 Flying 861897.065 817837.8757

11-May-07 1449 White-winged Black Tern 5 5 Flying 861897.61 817582.2073

11-May-07 1453 Bridled Tern 2 0 Resting 861766.4087 817968.532

11-May-07 1554 White-bellied Sea Eagle 3 50 Flying 857004.6756 821135.3459

11-May-07 1604 Bridled Tern 40 N.A. Flying 856677.923 822209.722

11-May-07 1604 Black-naped Tern 10 N.A. Flying 856677.923 822209.722

12-May-07 848 Black Kite 3 33 Flying 842814.2445 815565.1578

12-May-07 902 Black Kite 2 50 Flying 845216.9148 813465.8688

12-May-07 927 White-bellied Sea Eagle 1 98 Resting 850405.9902 815177.7478

12-May-07 933 Pacific Reef Egret 1 2 Flying 852038.0834 813520.9826

12-May-07 936 White-winged Black Tern 4 10 Flying 851695.6342 813020.5102

12-May-07 938 Red-necked Phalarope 2 0 Resting 852794.496 813628.668

12-May-07 946 Black Kite 1 38 Flying 854172.075 813417.226

12-May-07 946 Black Kite 1 26 Flying 854519.4537 813637.337

12-May-07 1028 Black Kite 1 55 Flying 856182.684 814060.32

12-May-07 1050 White-winged Black Tern 5 5 Flying 857424.6528 813372.5442

12-May-07 1100 Bridled Tern 2 0 Resting 857345.45 813256.6198

12-May-07 1115 White-winged Black Tern 3 5 Flying 860509.4833 812283.3363

12-May-07 1147 Chinese Goshawk 1 50 Flying 860925.8452 812249.308

12-May-07 1150 White-winged Black Tern 11 10 Flying 862305.7625 812360.2056
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12-May-07 1159 Long-tailed Skua 1 0 Resting 862100.5833 813026.6683

12-May-07 1159 Common Tern 1 5 Flying 862100.5833 813026.6683

12-May-07 1159 White-winged Black Tern 2 5 Flying 862029.8727 812955.9577

12-May-07 1206 White-winged Black Tern 1 5 Flying 862547.465 814094.099

12-May-07 1208 Red-necked Phalarope 1 0 Resting 862597.465 814094.099

12-May-07 1210 White-winged Black Tern 3 10 Flying 863030.1484 815017.9785

12-May-07 1211 Common Tern 1 5 Flying 862739.853 814055.8307

12-May-07 1211 White-winged Black Tern 2 5 Flying 862786.0469 814036.6965

12-May-07 1214 Common Tern 2 5 Flying 862786.0469 814036.6965

12-May-07 1216 Common Tern 2 5 Flying 862786.0469 814036.6965

12-May-07 1221 White-winged Black Tern 11 5 Flying 862832.2409 814017.5623

12-May-07 1221 Bridled Tern 1 5 Flying 862832.2409 814017.5623

12-May-07 1221 Common Tern 1 10 Flying 862693.659 814074.9648

12-May-07 1240 White-winged Black Tern 3 10 Flying 861986.4147 814303.1597

12-May-07 1321 White-winged Black Tern 3 10 Flying 859354.7001 815612.6177

12-May-07 1326 Bridled Tern 1 5 Flying 859019.4074 816617.3584

12-May-07 1329 Red-necked Phalarope 3 0 Resting 858512.3236 816446.5417

12-May-07 1528 Black-naped Tern 1 5 Flying 857696.9944 819618.0286

12-May-07 1530 Bridled Tern 1 5 Flying 858343.441 819971.582

12-May-07 1536 White-bellied Sea Eagle 2 61 Resting 856773.25 821095.245

12-May-07 1546 Black-naped Tern 15 N.A. Resting 856677.923 822209.722

12-May-07 1546 Bridled Tern 40 N.A. Resting 856677.923 822209.722

17-May-07 907 Black Kite 1 20 Flying 845188.6083 813597.7252

17-May-07 929 Black Kite 5 99 Flying 848513.934 811625.713

17-May-07 937 Little Egret 1 50 Flying 849425.9947 813109.3273

17-May-07 941 Black Kite 1 50 Flying 850011.3314 813327.2586

17-May-07 948 White-bellied Sea Eagle 2 63 Resting 850479.317 815214.04

17-May-07 1009 Black Kite 5 94 Flying 854172.075 814313.226

17-May-07 1011 Black Kite 3 56 Flying 853881.0529 813901.7713

17-May-07 1011 Dollarbird 1 53 Resting 854178.793 814757.063

17-May-07 1029 Pacific Reef Egret 1 1 Flying 854264.463 813742.9577

17-May-07 1038 Unidentified Tern 3 30 Flying 854740.3914 813400.2376

17-May-07 1043 Black Kite 1 20 Flying 855736.1879 813785.6953

17-May-07 1045 Black-naped Tern 4 5 Feeding 856018.121 814125.9968

17-May-07 1046 Pacific Swift 4 18 Feeding 856169.834 814074.997

17-May-07 1046 Pacific Reef Egret 2 1 Flying 856236.152 814250.729

17-May-07 1142 White-winged Black Tern 2 10 Flying 861036.5384 811566.8555

17-May-07 1144 White-winged Black Tern 1 5 Flying 861007.4084 812137.1816

17-May-07 1158 White-winged Black Tern 3 2 Flying 860724.5657 812561.4457

17-May-07 1203 Cattle Egret 18 1 Flying 860453.855 812490.735

17-May-07 1203 White-winged Black Tern 1 5 Flying 860553.855 812490.735

17-May-07 1230 Red-necked Phalarope 2 0 Resting 862082.3498 813873.505

17-May-07 1301 Ruddy Turnstone 7 1 Flying 861483.2823 814738.8177

17-May-07 1302 Red-necked Phalarope 11 0 Resting 861710.2532 814895.392
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17-May-07 1344 Red-necked Phalarope 1 0 Resting 859465.7997 816150.498

17-May-07 1346 Red-necked Phalarope 6 0 Resting 858938.6038 816290.011

17-May-07 1520 Bridled Tern 2 1 Resting 858577.5987 819645.1293

17-May-07 1523 Bridled Tern 1 3 Flying 857732.0372 819822.649

17-May-07 1529 Bridled Tern 1 2 Feeding 857484.8624 820113.0034

17-May-07 1534 Bridled Tern 8 2 Flying 857378.7963 820006.9373

17-May-07 1541 Bridled Tern 1 3 Feeding 857484.8624 820113.0034

17-May-07 1545 Bridled Tern 3 3 Feeding 857484.8624 820113.0034

17-May-07 1552 Bridled Tern 8 2 Flying 857131.309 819759.45

17-May-07 1554 Bridled Tern 4 1 Flying 857443.441 819971.582

17-May-07 1555 Black Kite 1 20 Flying 857555.573 820183.714

17-May-07 1605 White-bellied Sea Eagle 1 40 Flying 856570.6962 821380.2092

17-May-07 1609 Bridled Tern 21 N.A. Resting 856677.923 822209.722

17-May-07 1609 Black-naped Tern 6 N.A. Resting 856677.923 822209.722

22-May-07 840 Black Kite 1 20 Flying 842430.2055 816126.0615

22-May-07 929 Black-naped Tern 1 10 Flying 849515.61 812792.1658

22-May-07 933 Pacific Reef Egret 1 5 Flying 850035.116 813734.9807

22-May-07 939 White-bellied Sea Eagle 1 49 Resting 850436.8967 815203.4836

22-May-07 1029 Black-naped Tern 1 2 Flying 854405.489 813784.4548

22-May-07 1036 Black-naped Tern 1 5 Flying 856028.8708 813802.005

22-May-07 1057 Bridled Tern 1 3 Flying 856752.9013 814044.2957

22-May-07 1228 Bridled Tern 2 2 Flying 862697.465 814094.099

22-May-07 1247 Bridled Tern 1 5 Feeding 860878.0886 815019.0466

22-May-07 1255 Bridled Tern 2 0 Resting 861231.642 815322.6

22-May-07 1318 Bridled Tern 1 5 Flying 860042.9703 815606.7232

22-May-07 1319 Bridled Tern 1 3 Flying 859926.2757 816228.925

22-May-07 1328 Bridled Tern 1 2 Feeding 858309.0701 816362.3513

22-May-07 1328 Bridled Tern 1 2 Feeding 858493.846 816538.888

22-May-07 1415 Common Tern 1 5 Flying 861804.677 818076.144

22-May-07 1420 Red-necked Phalarope 1 1 Flying 861797.0233 817894.6216

22-May-07 1440 Common Tern 7 10 Flying 861897.065 817837.8757

22-May-07 1450 Common Tern 2 10 Feeding 860712.832 818570.255

22-May-07 1459 Black Kite 1 20 Flying 857581.727 819970.198

22-May-07 1500 Bridled Tern 1 5 Flying 857308.0857 820006.9373

22-May-07 1505 Bridled Tern 3 5 Flying 856843.441 819971.582

22-May-07 1509 Bridled Tern 1 5 Feeding 857419.9777 820156.3579

22-May-07 1518 Bridled Tern 1 5 Flying 857357.5831 819985.7241

22-May-07 1521 Bridled Tern 1 5 Flying 857843.441 819971.582

22-May-07 1523 Bridled Tern 1 5 Flying 857843.441 819971.582

22-May-07 1545 Bridled Tern 35 N.A. Resting 856677.923 822209.722

22-May-07 1545 Black-naped Tern 40 N.A. Resting 856677.923 822209.722

22-May-07 1546 Roseate Tern 4 N.A. Resting 856677.923 822209.722

16-Aug-07 926 Black Kite 1 50 Flying 843493 815405.972

16-Aug-07 953 Black Kite 4 100 Flying 847619.8362 810866.1812
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16-Aug-07 956 Black Kite 11 100 Flying 848302.561 811055.224

16-Aug-07 1002 Barn Swallow 5 5 Flying 849290.495 812102.966

16-Aug-07 1018 White-bellied Sea Eagle 1 50 Resting 847140.0563 814976.8123

16-Aug-07 1040 Black Kite 1 20 Resting 854613.075 814222.226

16-Aug-07 1045 Pacific Swift 1 50 Flying 854222.075 813831.226

16-Aug-07 1045 Black Kite 1 105 Flying 854172.075 813781.226

16-Aug-07 1049 Pacific Swift 6 57 Feeding 854381.3786 813990.5296

16-Aug-07 1122 Barn Swallow 2 2 Flying 856763.74 814125.845

16-Aug-07 1125 Bridled Tern 1 10 Flying 857717.546 815079.651

16-Aug-07 1141 Bridled Tern 1 10 Flying 856717.546 814079.651

16-Aug-07 1157 Aleutian Tern 3 5 Flying 859184.309 812935.135

16-Aug-07 1212 Bridled Tern 1 5 Flying 860753.855 812590.735

16-Aug-07 1213 Little Swift 1 5 Flying 860700.049 812536.929

16-Aug-07 1217 Barn Swallow 10 3 Flying 860700.049 812536.929

16-Aug-07 1228 Bridled Tern 1 5 Flying 860462.5133 812299.3933

16-Aug-07 1249 Unidentified Tern 1 20 Flying 862264.7816 813711.4156

16-Aug-07 1254 Common Tern 1 20 Flying 862456.1233 813902.7573

16-Aug-07 1300 Barn Swallow 5 2 Flying 862609.1967 814055.8307

16-Aug-07 1313 Bridled Tern 1 10 Flying 862185.5252 813632.1592

16-Aug-07 1334 Bridled Tern 2 5 Flying 861231.642 815372.6

16-Aug-07 1336 Common Tern 1 5 Flying 861231.642 815372.6

16-Aug-07 1339 Common Tern 1 5 Flying 861231.642 815372.6

16-Aug-07 1340 Common Tern 1 10 Flying 861212.5078 815353.4658

16-Aug-07 1353 Bridled Tern 2 20 Flying 860307.7625 814448.7205

16-Aug-07 1510 Bridled Tern 1 5 Flying 861850.871 817922.338

16-Aug-07 1600 Bridled Tern 2 10 Flying 857243.441 819871.582

16-Aug-07 1605 Bridled Tern 1 20 Flying 856881.5012 819509.6422

16-Aug-07 1630 Bridled Tern 40 N.A. Resting 856677.923 822209.722

16-Aug-07 1630 Common Tern 10 N.A. Resting 856677.923 822209.722

24-Aug-07 932 Black Kite 1 178 Flying 848509.8249 811190.6579

24-Aug-07 944 Black Kite 1 200 Flying 850980.921 813075.677

24-Aug-07 948 White-bellied Sea Eagle 2 N.A. Resting 850566.523 815246.028

24-Aug-07 1010 Black Kite 1 N.A. Resting 854406.075 814015.226

24-Aug-07 1105 Bridled Tern 1 10 Flying 857717.546 815079.651

24-Aug-07 1110 Common Tern 16 5 Flying 856763.74 814125.845

24-Aug-07 1111 Common Tern 2 5 Flying 857641.4255 815003.5305

24-Aug-07 1147 Unidentified Tern 1 10 Flying 861577.7345 813414.6145

24-Aug-07 1223 Bridled Tern 2 10 Flying 863030.1484 814476.7824

24-Aug-07 1250 Unidentified Tern 1 5 Flying 862718.1757 814164.8097

24-Aug-07 1320 Bridled Tern 1 5 Flying 861040.3003 815181.2583

24-Aug-07 1322 Bridled Tern 1 5 Flying 861155.1053 815296.0633

24-Aug-07 1323 Common Tern 1 10 Flying 861614.3254 815755.2834

24-Aug-07 1336 Common Tern 2 5 Flying 860550.4573 815745.7083

24-Aug-07 1358 Bridled Tern 1 5 Flying 858111.1626 816056.2046
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24-Aug-07 1421 Common Tern 1 10 Flying 858542.846 816487.888

24-Aug-07 1431 White-winged Black Tern 1 5 Flying 860266.785 817286.799

24-Aug-07 1432 Bridled Tern 2 5 Feeding 861534.0435 818285.0355

24-Aug-07 1508 Bridled Tern 1 0 Resting 861758.483 817829.95

24-Aug-07 1529 Common Tern 3 10 Flying 857920.172 819992.656

24-Aug-07 1602 Whimbrel 3 1 Flying 857378.7963 820006.9373

30-Aug-07 949 Black Kite 3 200 Flying 849237.9795 813694.8335

30-Aug-07 1017 Black Kite 1 108 Flying 854356.5284 813965.6794

30-Aug-07 1212 Red-necked Phalarope 5 0 Resting 860865.4021 812610.3851

30-Aug-07 1354 Common Tern 2 10 Flying 858493.846 816438.888

30-Aug-07 1559 White-bellied Sea Eagle 1 73 Flying 856882.6215 820227.9255

6-Sep-07 907 Common Tern 1 10 Flying 845723.8401 811780.4921

6-Sep-07 917 Pacific Reef Egret 3 0.5 Flying 847991.623 810776.328

6-Sep-07 919 Black Kite 5 178 Flying 847859.3079 810394.6939

6-Sep-07 939 Black Kite 3 50 Flying 850007.9482 814128.3172

6-Sep-07 942 Unidentified Tern 7 10 Flying 851809.0998 815031.9248

6-Sep-07 944 Common Tern 7 10 Flying 851788.636 814419.091

6-Sep-07 945 Aleutian Tern 6 10 Flying 852117.5703 814239.8653

6-Sep-07 958 Little Swift 6 150 Feeding 854378.7241 813987.8751

6-Sep-07 958 Black Kite 1 N.A. Resting 854433.075 814042.226

6-Sep-07 1011 Black Kite 5 150 Flying 854378.7241 813987.8751

6-Sep-07 1039 Aleutian Tern 15 10 Flying 857641.4255 815003.5305

6-Sep-07 1039 Aleutian Tern 10 0.5 Flying 856736.6802 814098.7852

6-Sep-07 1041 Common Tern 3 10 Flying 856794.0827 814156.1877

6-Sep-07 1049 Black Kite 2 56 Flying 856182.6198 813544.7248

6-Sep-07 1053 Whimbrel 6 0.5 Flying 856698.4118 814060.5168

6-Sep-07 1056 Unidentified Tern 13 10 Flying 857641.4255 815003.5305

6-Sep-07 1105 Common Tern 1 10 Flying 857424.6528 814786.7578

6-Sep-07 1108 Common Tern 1 10 Flying 857393.058 813964.382

6-Sep-07 1109 Common Tern 1 10 Flying 857512.5603 813835.4943

6-Sep-07 1112 Aleutian Tern 1 5 Flying 858251.1013 813564.4353

6-Sep-07 1112 Common Tern 3 5 Flying 858212.833 813526.167

6-Sep-07 1114 Common Tern 2 5 Feeding 859550.9325 814304.8345

6-Sep-07 1115 Aleutian Tern 2 10 Flying 859455.0478 813745.6088

6-Sep-07 1118 Aleutian Tern 1 10 Flying 859699.9434 813278.2784

6-Sep-07 1120 Greater Crested Tern 2 10 Flying 860164.138 813215.661

6-Sep-07 1122 Aleutian Tern 1 10 Flying 860755.584 812912.051

6-Sep-07 1124 Common Tern 2 5 Flying 860653.855 812490.735

6-Sep-07 1127 Aleutian Tern 5 10 Flying 860838.6309 812675.5109

6-Sep-07 1133 Aleutian Tern 3 10 Flying 860853.855 812690.735

6-Sep-07 1135 Unidentified Tern 2 20 Flying 860271.1716 812108.0516

6-Sep-07 1137 Common Tern 4 10 Flying 861036.5384 812873.4184

6-Sep-07 1147 Common Tern 1 10 Flying 860577.3183 812414.1983

6-Sep-07 1157 Common Tern 1 10 Flying 861912.536 813504.481
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6-Sep-07 1159 Aleutian Tern 1 10 Flying 862143.23 813607.866

6-Sep-07 1201 Aleutian Tern 10 5 Feeding 862712.3969 814038.7469

6-Sep-07 1216 Aleutian Tern 2 10 Flying 862666.2165 814112.8505

6-Sep-07 1311 Bridled Tern 1 20 Flying 861231.642 815372.6

6-Sep-07 1327 Unidentified Tern 1 20 Flying 859493.846 817438.888

6-Sep-07 1329 Aleutian Tern 3 5 Flying 858586.234 816531.276

6-Sep-07 1344 Aleutian Tern 1 10 Flying 858539.1161 816484.1581

6-Sep-07 1349 Common Tern 2 10 Flying 858493.846 816438.888

6-Sep-07 1350 Aleutian Tern 3 10 Flying 858493.846 816438.888

6-Sep-07 1351 Aleutian Tern 1 10 Flying 858635.2674 816580.3094

6-Sep-07 1351 Common Tern 4 10 Flying 858847.3994 816792.4414

6-Sep-07 1353 Aleutian Tern 1 5 Flying 858635.2674 816580.3094

6-Sep-07 1405 Common Tern 1 10 Flying 860632.679 817241.228

6-Sep-07 1406 Aleutian Tern 1 10 Flying 861037.1519 817514.9379

6-Sep-07 1410 Aleutian Tern 1 0 Resting 861639.7918 817716.5068

6-Sep-07 1410 Aleutian Tern 1 10 Flying 861697.1943 817773.9093

6-Sep-07 1424 Aleutian Tern 2 10 Flying 861853.677 817925.144

6-Sep-07 1424 White-winged Black Tern 1 10 Flying 861853.677 817925.144

6-Sep-07 1425 Common Tern 1 10 Flying 862511.7838 818583.2508

6-Sep-07 1428 Aleutian Tern 1 10 Flying 861853.677 817925.144

6-Sep-07 1428 Common Tern 1 10 Flying 861853.677 817925.144

6-Sep-07 1432 Common Tern 1 10 Flying 861823.4285 817894.8955

6-Sep-07 1438 Aleutian Tern 1 10 Flying 860346.3156 817860.8496

6-Sep-07 1450 Aleutian Tern 11 0.5 Feeding 860361.7317 818736.6827

6-Sep-07 1453 Aleutian Tern 2 0.1 Feeding 859615.218 818860.093

6-Sep-07 1454 Common Tern 1 10 Flying 859811.3124 819188.0004

6-Sep-07 1455 Common Tern 1 10 Flying 858887.6606 819085.0746

6-Sep-07 1457 Aleutian Tern 1 20 Flying 858033.2712 818661.0792

6-Sep-07 1458 Common Tern 1 10 Flying 858560.2157 819547.4257

6-Sep-07 1459 Aleutian Tern 1 10 Flying 858381.934 819809.16

6-Sep-07 1459 Aleutian Tern 1 10 Flying 858089.546 819516.772

6-Sep-07 1501 Unidentified Tern 14 10 Flying 857313.1446 819323.6156

6-Sep-07 1502 Aleutian Tern 5 20 Flying 857405.6071 819756.4701

6-Sep-07 1502 Common Tern 2 20 Flying 857405.6071 819756.4701

6-Sep-07 1504 Aleutian Tern 1 10 Flying 857308.7928 819936.9338

6-Sep-07 1504 Common Tern 1 10 Flying 857543.441 820171.582

6-Sep-07 1508 Aleutian Tern 15 10 Feeding 857251.053 819879.194

6-Sep-07 1511 Common Tern 4 10 Flying 857378.0892 820006.2302

6-Sep-07 1511 Aleutian Tern 1 10 Flying 857343.441 819971.582

6-Sep-07 1511 Aleutian Tern 1 10 Flying 857392.441 820020.582

6-Sep-07 1514 Aleutian Tern 1 10 Flying 857343.441 819971.582

6-Sep-07 1516 Aleutian Tern 7 10 Flying 857443.441 820071.582

6-Sep-07 1516 Common Tern 1 10 Flying 857378.0892 820006.2302

6-Sep-07 1523 Black Kite 1 127 Flying 857343.441 819971.582
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6-Sep-07 1531 Aleutian Tern 1 20 Flying 857534.7827 820162.9237

6-Sep-07 1538 White-bellied Sea Eagle 2 N.A. Resting 857012.021 821261.202

13-Sep-07 935 Black Kite 2 200 Flying 849166.0721 812973.1581

13-Sep-07 943 Black Kite 1 50 Flying 851054.7015 814736.7485

13-Sep-07 1002 Black Kite 1 80 Flying 854042.6745 813651.8255

13-Sep-07 1045 Barn Swallow 2 2 Flying 856736.0236 814098.1286

13-Sep-07 1047 Barn Swallow 1 1 Flying 856731.6881 814093.7931

13-Sep-07 1137 Unidentified Tern 1 10 Flying 861360.9618 813197.8418

13-Sep-07 1147 Aleutian Tern 1 5 Flying 860689.2103 812526.0903

13-Sep-07 1203 Common Tern 1 10 Flying 861979.4696 812993.0046

13-Sep-07 1212 Unidentified Tern 1 0 Resting 862570.9283 814017.5623

13-Sep-07 1222 Common Tern 1 5 Flying 862693.659 814140.293

13-Sep-07 1329 Common Tern 1 0 Resting 858540.04 816485.082

13-Sep-07 1351 Common Tern 3 10 Flying 858635.2674 816580.3094

13-Sep-07 1408 Unidentified Tern 2 5 Flying 859993.472 817017.297

13-Sep-07 1420 Unidentified Tern 1 10 Flying 861804.677 817876.144

13-Sep-07 1425 Aleutian Tern 4 0 Resting 861804.677 817876.144

13-Sep-07 1429 Aleutian Tern 2 0 Resting 861989.4529 818060.9199

13-Sep-07 1547 White-bellied Sea Eagle 1 N.A. Resting 856900.055 819760.9

19-Sep-07 904 Black Kite 1 50 Flying 844581.7324 814187.6464

19-Sep-07 948 Black Kite 2 150 Flying 850702.79 814794.534

19-Sep-07 952 
Black-crowned Night 
Heron 

1 10 Flying 851698.0632 814416.6952

19-Sep-07 1012 Black Kite 2 100 Flying 854554.7584 814163.9094

19-Sep-07 1020 Black Kite 1 50 Flying 854252.4525 813861.6035

19-Sep-07 1030 Black Kite 1 10 Flying 854079.687 813688.838

19-Sep-07 1039 Black Kite 1 20 Flying 855388.7615 813962.6175

19-Sep-07 1048 Unidentified Tern 1 50 Flying 857424.6528 814786.7578

19-Sep-07 1049 Unidentified Tern 3 20 Flying 857100.2294 814462.3344

19-Sep-07 1114 Unidentified Tern 1 20 Flying 857100.2294 814462.3344

19-Sep-07 1132 Common Tern 1 20 Flying 860405.4737 812707.0307

19-Sep-07 1133 Common Tern 1 20 Flying 860838.6309 812675.5109

19-Sep-07 1136 Unidentified Tern 4 20 Flying 860692.1233 812529.0033

19-Sep-07 1136 Common Tern 1 20 Flying 860746.243 812583.123

19-Sep-07 1139 Common Tern 1 10 Flying 860730.3917 812567.2717

19-Sep-07 1222 Common Tern 1 10 Flying 862696.465 814143.099

19-Sep-07 1325 Unidentified Tern 1 1 Flying 861251.642 815392.6

19-Sep-07 1332 Unidentified Tern 1 20 Flying 860030.7325 814752.7995

19-Sep-07 1342 Unidentified Tern 1 20 Flying 857493.846 815438.888

19-Sep-07 1405 White-winged Black Tern 2 20 Flying 858586.234 816531.276

19-Sep-07 1419 Aleutian Tern 1 0 Flying 858512.9802 816458.0222

19-Sep-07 1422 Unidentified Tern 1 10 Flying 861602.1834 817971.8114

19-Sep-07 1454 Aleutian Tern 6 0 Resting 861842.9453 817914.4123

19-Sep-07 1512 White-winged Black Tern 4 10 Flying 858384.484 819666.661

19-Sep-07 1552 White-bellied Sea Eagle 3 121 Flying 856797.107 821476.851
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19-Sep-07 1552 Black Kite 3 121 Flying 856797.107 821476.851

27-Sep-07 910 Black Kite 1 5 Flying 845123.37 813478.394

27-Sep-07 911 Black Kite 1 5 Flying 850513.3214 813464.4354

27-Sep-07 943 Black Kite 5 200 Flying 849520.9942 812832.0082

27-Sep-07 949 White-bellied Sea Eagle 1 N.A. Resting 850558.3624 815062.2004

27-Sep-07 949 Black Kite 1 100 Resting 850602.203 815106.041

27-Sep-07 1018 Black Kite 4 150 Flying 854172.075 813781.226

27-Sep-07 1022 White-bellied Sea Eagle 1 150 Flying 854560.9837 814170.1347

27-Sep-07 1027 Black Kite 1 100 Flying 854172.075 813781.226

27-Sep-07 1030 Black Kite 1 150 Flying 854525.6284 814134.7794

27-Sep-07 1043 Black Kite 3 30 Flying 855728.8944 814014.7714

27-Sep-07 1121 Yellow Wagtail 3 5 Flying 858804.25 813205.881

27-Sep-07 1133 Barn Swallow 2 5 Flying 860634.855 812471.735

5-Oct-07 852 Black Kite 1 1 Feeding 844005.7761 817433.3561

5-Oct-07 834 Black Kite 3 100 Flying 844171.8239 813927.3739

5-Oct-07 856 Red-necked Phalarope 1 0 Resting 844809.9272 813978.8052

5-Oct-07 921 Black Kite 1 100 Flying 849007.1113 812047.6063

5-Oct-07 934 White-bellied Sea Eagle 1 N.A. Resting 850563.4078 815031.9798

5-Oct-07 1002 Black Kite 22 144 Flying 854172.075 813781.226

5-Oct-07 1011 Black Kite 1 35 Flying 854172.075 813781.226

5-Oct-07 1027 Black Kite 1 10 Flying 855603.3506 813474.5556

5-Oct-07 1155 Black Drongo 5 10 Flying 862697.465 814144.099

5-Oct-07 1205 Common Tern 1 50 Flying 862680.7585 814127.3925

5-Oct-07 1246 Black Drongo 2 5 Flying 861231.642 815372.6

5-Oct-07 1252 Grey Heron 11 10 Flying 861422.9837 815563.9417

5-Oct-07 1313 Common Tern 1 0 Resting 858923.9957 816372.8297

5-Oct-07 1324 Osprey 1 5 Flying 858493.846 816438.888

5-Oct-07 1331 Grey Heron 1 20 Flying 858678.6219 816623.6639

11-Oct-07 842 Black Kite 1 50 Flying 843287.5876 815697.5776

11-Oct-07 846 Black Kite 1 200 Flying 843799.141 814920.7

11-Oct-07 915 Black Kite 1 50 Flying 849024.627 811401.823

11-Oct-07 936 Eurasian Hobby 1 47 Flying 850566.8733 815038.6153

11-Oct-07 936 Black Kite 2 47 Flying 850566.8733 815038.6153

11-Oct-07 936 White-bellied Sea Eagle 1 47 Flying 850566.8733 815038.6153

11-Oct-07 940 Black Kite 1 50 Flying 851442.3576 814608.8736

11-Oct-07 953 Black Kite 1 N.A. Resting 854350.3837 813959.5347

11-Oct-07 957 Black Kite 3 61 Flying 854172.075 813781.226

11-Oct-07 1031 Black Kite 1 32 Flying 856166.3458 814239.4648

11-Oct-07 1303 Unidentified Skua 1 20 Flying 860418.6527 816344.8907

11-Oct-07 1321 Unidentified Tern 1 20 Flying 858309.0701 816254.1121

11-Oct-07 1526 White-bellied Sea Eagle 1 100 Flying 856663.8342 820480.1272

18-Oct-07 851 Black Kite 1 50 Flying 844769.6186 813820.1616

18-Oct-07 901 Black Kite 1 30 Flying 846525.8474 812243.5624

18-Oct-07 908 Black Kite 1 20 Flying 847662.2894 811105.6294
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Date Time Species Number 

Estimated 
Flight 
Height 
from 

Water (m)

Behaviour 
(Flying / 

Feeding / 
Resting) 

Bird x 
coordinate

Bird y 
coordinate

18-Oct-07 915 Black Kite 2 20 Flying 849545.6008 811923.3178

18-Oct-07 929 Black Kite 1 20 Flying 850577.6427 813558.9607

18-Oct-07 937 White-bellied Sea Eagle 1 N.A. Resting 850333.8591 814851.7951

18-Oct-07 959 Black Kite 1 119 Flying 854172.075 813781.226

18-Oct-07 1000 White-bellied Sea Eagle 1 186 Flying 854361.886 813971.037

18-Oct-07 1002 Black Kite 6 119 Flying 854172.075 813781.226

18-Oct-07 1002 Black Kite 1 10 Flying 854172.075 813781.226

18-Oct-07 1018 Black Kite 2 20 Flying 854372.075 813981.226

18-Oct-07 1030 Black Kite 1 10 Flying 856157.24 814122.01

18-Oct-07 1039 Black Kite 1 102 Flying 856717.546 814079.651

18-Oct-07 1121 Unidentified Tern 1 10 Flying 861036.5384 812873.4184

18-Oct-07 1258 Unidentified Tern 1 20 Flying 861231.642 815372.6

18-Oct-07 1534 Black Kite 5 96 Flying 856556.404 821031.088

25-Oct-07 848 Little Egret 2 5 Flying 843901.4473 815039.1383

25-Oct-07 916 Black Kite 4 121 Flying 848658.8193 811001.3753

25-Oct-07 938 White-bellied Sea Eagle 1 87 Flying 850542.1081 814996.9751

25-Oct-07 938 White-bellied Sea Eagle 1 50 Flying 849502.2755 813957.1425

25-Oct-07 949 Little Egret 1 5 Flying 852623.2929 814200.3389

25-Oct-07 956 Black Kite 4 10 Flying 853771.1455 813380.2965

25-Oct-07 958 Black Kite 1 50 Flying 854351.3076 813960.4586

25-Oct-07 1001 Black Kite 2 85 Flying 854587.8208 814196.9718

25-Oct-07 1022 Pacific Reef Egret 2 2 Flying 854191.2092 813800.3602

25-Oct-07 1023 Peregrine Falcon 1 85 Flying 854587.8208 814196.9718

25-Oct-07 1026 White-bellied Sea Eagle 1 36 Flying 854172.075 813781.226

25-Oct-07 1035 Black Kite 4 20 Flying 855690.666 813775.663

25-Oct-07 1158 Aleutian Tern 1 0 Resting 862341.2995 813615.1905

25-Oct-07 1207 Aleutian Tern 1 0 Resting 862668.6782 814115.3122

25-Oct-07 1210 Bridled Tern 1 0 Resting 862682.8203 814129.4543

25-Oct-07 1319 Aleutian Tern 1 0 Resting 859414.7211 816548.4761

25-Oct-07 1533 White-bellied Sea Eagle 2 N.A. Resting 856827.0567 821216.0827

2-Nov-07 842 Black Kite 1 10 Flying 843396.0947 815744.4667

2-Nov-07 852 Black Kite 1 10 Flying 845247.644 813555.806

2-Nov-07 854 Black Kite 1 5 Flying 845395.714 813264.264

2-Nov-07 907 Black Kite 4 20 Flying 848134.332 811373.858

2-Nov-07 917 Black Kite 1 20 Flying 849417.3094 812232.7884

2-Nov-07 930 White-bellied Sea Eagle 1 98 Flying 850335.124 814871.712

2-Nov-07 946 Pacific Reef Egret 1 2 Flying 854218.269 813827.42

2-Nov-07 947 Black Kite 1 20 Flying 854356.8509 813966.0019

2-Nov-07 1007 White-bellied Sea Eagle 1 122 Flying 854172.075 813781.226

2-Nov-07 1213 Barn Swallow 2 1 Flying 862666.5992 814113.2332

2-Nov-07 1310 Northern Shoveler 9 0 Resting 859978.746 814855.757

2-Nov-07 1535 Black Kite 1 20 Flying 857282.8744 820915.5614

10-Nov-07 915 Peregrine Falcon 1 10 Flying 848124.2982 810823.2112

10-Nov-07 941 Black Kite 5 100 Flying 850487.8855 814951.5835



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment  

 
 

ESB-146/2006 Issue 3, May 2009 Appendix 7A – Page 32 
 
 

Date Time Species Number 

Estimated 
Flight 
Height 
from 

Water (m)
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(Flying / 

Feeding / 
Resting) 

Bird x 
coordinate

Bird y 
coordinate

10-Nov-07 941 Large-billed Crow 1 100 Flying 850487.8855 814951.5835

10-Nov-07 941 White-bellied Sea Eagle 1 N.A. Resting 850483.2933 814946.9913

10-Nov-07 959 Pacific Reef Egret 2 2 Flying 854356.8509 813966.0019

10-Nov-07 1005 White-bellied Sea Eagle 1 150 Flying 854172.075 813781.226

10-Nov-07 1010 Oriental Turtle Dove 3 10 Flying 854356.8509 813966.0019

10-Nov-07 1017 Common Buzzard 1 200 Flying 854379.024 813988.175

10-Nov-07 1037 Black Kite 3 200 Flying 856277.3499 814101.6929

10-Nov-07 1127 Aleutian Tern 3 50 Flying 860863.1586 812700.0386

10-Nov-07 1209 Barn Swallow 6 10 Flying 862718.1757 814164.8097

10-Nov-07 1252 Northern Shoveler 1 2 Flying 860731.642 814872.6

10-Nov-07 1412 Aleutian Tern 2 50 Flying 862016.809 818088.276

10-Nov-07 1503 Black-tailed Gull 6 10 Flying 857381.7093 820009.8503

17-Nov-07 844 Osprey 1 176 Flying 846567.948 814158.99

17-Nov-07 847 Black Kite 1 2 Flying 846971.712 813771.467

17-Nov-07 850 Little Egret 20 0 Resting 847525.599 813638.731

17-Nov-07 856 Pacific Reef Egret 1 1 Flying 848783.7292 813401.9782

17-Nov-07 909 White-bellied Sea Eagle 1 73 Flying 850665.8041 814808.4011

17-Nov-07 909 Peregrine Falcon 1 108 Flying 850701.7764 814844.3734

17-Nov-07 909 Black Kite 4 73 Flying 850665.8041 814808.4011

17-Nov-07 924 Pacific Reef Egret 1 2 Flying 854272.075 813881.226

17-Nov-07 924 Black Kite 2 10 Flying 854372.075 813981.226

17-Nov-07 930 Black Kite 5 300 Flying 854235.2178 813844.3688

17-Nov-07 1105 Black-tailed Gull 6 2 Flying 860653.855 812490.735

17-Nov-07 1406 Aleutian Tern 1 30 Flying 860624.407 818267.398

17-Nov-07 1456 Black Kite 5 100 Flying 856716.313 821548.722

17-Nov-07 1503 White-bellied Sea Eagle 1 N.A. Resting 855654.5778 822756.1978

24-Nov-07 900 Black Kite 2 N.A. Resting 847074.4074 811502.0124

24-Nov-07 909 White-bellied Sea Eagle 1 56 Flying 848675.6228 811317.9818

24-Nov-07 929 White-bellied Sea Eagle 2 73 Flying 850670.097 814855.408

24-Nov-07 929 Black Kite 4 73 Flying 850670.097 814855.408

24-Nov-07 948 Common Kestrel 1 150 Flying 854271.5727 813880.7237

24-Nov-07 955 White-bellied Sea Eagle 2 N.A. Resting 854172.075 813781.226

24-Nov-07 956 Pacific Reef Egret 1 2 Flying 854207.4303 813816.5813

24-Nov-07 1028 Black Kite 1 5 Flying 856717.546 814079.651

1-Dec-07 913 White-bellied Sea Eagle 2 N.A. Resting 850577.142 814875.898

1-Dec-07 930 Black Kite 4 100 Flying 854172.075 813781.226

1-Dec-07 1217 Aleutian Tern 1 20 Flying 861416.4179 815557.3759

1-Dec-07 1324 Black-tailed Gull 1 N.A. Resting 859718.485 816429.612

1-Dec-07 1515 White-bellied Sea Eagle 2 200 Flying 855371.4671 822098.3661

7-Dec-07 845 Black Kite 1 20 Flying 842640.0719 816581.3379

7-Dec-07 901 Black Kite 1 50 Flying 845641.5976 814307.2326

7-Dec-07 924 Black Kite 3 124 Flying 850465.7307 814728.3387

7-Dec-07 928 White-bellied Sea Eagle 1 N.A. Resting 850458.764 814912.427

7-Dec-07 936 Black Kite 1 30 Flying 852185.3427 814150.5567
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Bird x 
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7-Dec-07 947 White-bellied Sea Eagle 1 109 Flying 854397.8582 814007.0092

7-Dec-07 954 Pacific Reef Egret 1 1 Feeding 854609.9939 814219.1449

7-Dec-07 1001 Black Kite 1 20 Flying 854072.075 813681.226

7-Dec-07 1008 Black Kite 5 104 Flying 854288.0281 813897.1791

7-Dec-07 1017 Black Kite 1 100 Flying 855556.7929 814084.5879

7-Dec-07 1025 Black Kite 2 119 Flying 856221.4227 813583.5277

7-Dec-07 1513 White-bellied Sea Eagle 2 N.A. Resting 856798.0933 821206.6293

15-Dec-07 842 Black Kite 2 100 Flying 842669.4477 816088.6627

15-Dec-07 921 Black Kite 1 10 Flying 850348.8939 814196.2989

15-Dec-07 926 White-bellied Sea Eagle 1 N.A. Resting 850683.1637 815100.2867

15-Dec-07 934 Black Kite 2 10 Flying 851976.409 814028.009

15-Dec-07 945 Black Kite 2 99 Flying 854340.073 813949.224

15-Dec-07 956 Black Kite 2 134 Flying 854172.075 813781.226

15-Dec-07 1030 Black-tailed Gull 1 30 Flying 856788.2567 814150.3617

15-Dec-07 1321 Black-tailed Gull 3 0 Resting 859528.4952 816167.9032

15-Dec-07 1339 Black-tailed Gull 5 0 Resting 858955.7858 816900.8278

15-Dec-07 1537 White-bellied Sea Eagle 2 N.A. Resting 856756.8743 821115.6653

23-Dec-07 921 Pacific Reef Egret 2 2 Flying 851068.97 812668.783

29-Dec-07 934 Black Kite 4 200 Flying 854172.075 813781.226

23-Dec-07 1002 Pacific Reef Egret 1 1 Flying 854152.9408 813762.0918

23-Dec-07 1349 Black-tailed Gull 1 1 Flying 859035.681 816611.696

23-Dec-07 959 Black Kite 1 2 Flying 854286.88 813896.031

23-Dec-07 1534 White-bellied Sea Eagle 2 N.A. Resting 856802.946 821145.771

29-Dec-07 915 White-bellied Sea Eagle 2 N.A. Resting 850185.6787 814491.6107

23-Dec-07 1505 Black Kite 1 10 Flying 857216.4987 820174.9077

29-Dec-07 943 White-bellied Sea Eagle 3 100 Flying 854172.075 813781.226

29-Dec-07 1004 Osprey 1 10 Flying 854242.844 813722.247

29-Dec-07 1455 White-bellied Sea Eagle 1 200 Flying 857343.441 819971.582

29-Dec-07 1512 White-bellied Sea Eagle 1 N.A. Resting 856713.5873 821081.6913
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Appendix 7B 
 

Collision Probabilities of Selected Species 

 

Note: The collision probability refers to the predicted 
probability of a bird being hit when it makes a transit 
through the turbine rotor.  The actual collision risk of a bird 
species was calculated by multiplying this collision 
probability by the number of bird transits predicted based 
on the field survey data.  Section 7 – Avifauna, contains the 
actual collision risk calculations. 
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Collision Probability Calculation for Black-naped Tern (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.3  m 0.025 0.575 4.52 2.03 0.19 0.00024 3.83 0.36 0.00045

Wingspan 0.23  m 0.075 0.575 1.51 2.19 0.21 0.00154 2.79 0.26 0.00196

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.90 2.85 0.27 0.00334 3.29 0.31 0.00386

   0.175 0.860 0.65 3.50 0.33 0.00575 3.88 0.36 0.00638

Bird speed 9.6  m/sec 0.225 0.994 0.50 4.05 0.38 0.00855 4.40 0.41 0.00928

Rotor Diam 90  m 0.275 0.947 0.41 3.90 0.37 0.01007 4.17 0.39 0.01076

Rotation Period 3.33  sec 0.325 0.899 0.35 3.74 0.35 0.01140 3.95 0.37 0.01206

   0.375 0.851 0.30 3.57 0.33 0.01256 3.75 0.35 0.01319

   0.425 0.804 0.27 3.40 0.32 0.01355 3.54 0.33 0.01413

   0.475 0.756 0.24 3.22 0.30 0.01435 3.34 0.31 0.01491

Bird aspect ratio:   1.30  0.525 0.708 0.22 3.04 0.29 0.01498 3.15 0.30 0.01550

   0.575 0.660 0.20 2.86 0.27 0.01544 2.95 0.28 0.01592

   0.625 0.613 0.18 2.68 0.25 0.01571 2.76 0.26 0.01616

   0.675 0.565 0.17 2.50 0.23 0.01581 2.56 0.24 0.01623

   0.725 0.517 0.16 2.31 0.22 0.01574 2.37 0.22 0.01612

   0.775 0.470 0.15 2.13 0.20 0.01548 2.18 0.20 0.01583

   0.825 0.422 0.14 1.94 0.18 0.01506 1.98 0.19 0.01536

   0.875 0.374 0.13 1.76 0.17 0.01445 1.79 0.17 0.01472

   0.925 0.327 0.12 1.57 0.15 0.01367 1.60 0.15 0.01391

   0.975 0.279 0.12 1.39 0.13 0.01271 1.41 0.13 0.01291

            

    
Overall p(collision) 
=  Upwind 23.0%  Downwind 24.0%

            
        Average 23.5%   
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Collision Probability Calculation for Black-naped Tern (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius     

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.3  m 0.025 0.575 5.05 3.08 0.19 0.00024 3.08 0.19 0.00024 

Wingspan 0.23  m 0.075 0.575 1.68 2.59 0.16 0.00122 2.59 0.16 0.00122 

F: Flapping (0) or gliding (+1) 1  0.125 0.702 1.01 3.15 0.20 0.00248 3.15 0.20 0.00248 

   0.175 0.860 0.72 3.80 0.24 0.00419 3.80 0.24 0.00419 

Bird speed 9.6  m/sec 0.225 0.994 0.56 4.34 0.27 0.00616 4.34 0.27 0.00616 

Rotor Diam 120  m 0.275 0.947 0.46 4.15 0.26 0.00719 4.15 0.26 0.00719 

Rotation Period 4.96  sec 0.325 0.899 0.39 3.96 0.25 0.00810 3.96 0.25 0.00810 

   0.375 0.851 0.34 3.76 0.24 0.00889 3.76 0.24 0.00889 

   0.425 0.804 0.30 3.57 0.22 0.00955 3.57 0.22 0.00955 

   0.475 0.756 0.27 3.37 0.21 0.01010 3.37 0.21 0.01010 

Bird aspect ratio:   1.30  0.525 0.708 0.24 3.18 0.20 0.01052 3.18 0.20 0.01052 

   0.575 0.660 0.22 2.99 0.19 0.01082 2.99 0.19 0.01082 

   0.625 0.613 0.20 2.79 0.18 0.01099 2.79 0.18 0.01099 

   0.675 0.565 0.19 2.60 0.16 0.01105 2.60 0.16 0.01105 

   0.725 0.517 0.17 2.40 0.15 0.01098 2.40 0.15 0.01098 

   0.775 0.470 0.16 2.21 0.14 0.01079 2.21 0.14 0.01079 

   0.825 0.422 0.15 2.02 0.13 0.01048 2.02 0.13 0.01048 

   0.875 0.374 0.14 1.82 0.11 0.01004 1.82 0.11 0.01004 

   0.925 0.327 0.14 1.63 0.10 0.00949 1.63 0.10 0.00949 

   0.975 0.279 0.13 1.43 0.09 0.00881 1.43 0.09 0.00881 

            
    Overall p(collision) =  Upwind 16.2%  Downwind 16.2% 

            
        Average 16.2%   
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Collision Probability Calculation for Bridled Tern (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius     

No of Blades 3     Upwind: Downwind:  

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution check area  

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r total 

               

Bird Length 0.38  m 0.025 0.575 2.36 3.08 0.55 0.00069 4.01 0.72 0.00090 0.00125 

Wingspan 0.85  m 0.075 0.575 0.79 2.54 0.46 0.00343 2.85 0.51 0.00385 0.0075 

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.47 2.91 0.52 0.00655 3.14 0.57 0.00706 0.0125 

   0.175 0.860 0.34 3.67 0.66 0.01158 3.87 0.70 0.01221 0.0175 

Bird speed 5  m/sec 0.225 0.994 0.26 4.21 0.76 0.01708 4.39 0.79 0.01781 0.0225 

Rotor Diam 90  m 0.275 0.947 0.21 4.04 0.73 0.02004 4.18 0.75 0.02073 0.0275 

Rotation Period 3.33  sec 0.325 0.899 0.18 3.87 0.70 0.02266 3.98 0.72 0.02332 0.0325 

   0.375 0.851 0.16 3.69 0.67 0.02495 3.78 0.68 0.02557 0.0375 

   0.425 0.804 0.14 3.51 0.63 0.02689 3.59 0.65 0.02748 0.0425 

   0.475 0.756 0.12 3.33 0.60 0.02850 3.39 0.61 0.02905 0.0475 

Bird aspect ratio:   0.45  0.525 0.708 0.11 3.15 0.57 0.02976 3.20 0.58 0.03028 0.0525 

   0.575 0.660 0.10 2.96 0.53 0.03069 3.01 0.54 0.03117 0.0575 

   0.625 0.613 0.09 2.78 0.50 0.03128 2.82 0.51 0.03173 0.0625 

   0.675 0.565 0.09 2.59 0.47 0.03153 2.63 0.47 0.03194 0.0675 

   0.725 0.517 0.08 2.41 0.43 0.03144 2.44 0.44 0.03181 0.0725 

   0.775 0.470 0.08 2.22 0.40 0.03101 2.25 0.40 0.03135 0.0775 

   0.825 0.422 0.07 2.03 0.37 0.03024 2.05 0.37 0.03055 0.0825 

   0.875 0.374 0.07 1.85 0.33 0.02913 1.87 0.34 0.02940 0.0875 

   0.925 0.327 0.06 1.66 0.30 0.02768 1.68 0.30 0.02792 0.0925 

   0.975 0.279 0.06 1.47 0.27 0.02590 1.49 0.27 0.02610 0.0975 

             
    Overall p(collision) = Upwind 46.1%  Downwind 47.0% 1.00 

             
        Average 46.6%    
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Collision Probability Calculation for Bridled Tern (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius     

No of Blades 3     Upwind: Downwind:  

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution check area  

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r total 

               

Bird Length 0.38  m 0.025 0.575 2.63 3.76 0.46 0.00057 3.76 0.46 0.00057 0.00125 

Wingspan 0.85  m 0.075 0.575 0.88 2.81 0.34 0.00255 2.81 0.34 0.00255 0.0075 

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.53 3.14 0.38 0.00474 3.14 0.38 0.00474 0.0125 

   0.175 0.860 0.38 3.88 0.47 0.00821 3.88 0.47 0.00821 0.0175 

Bird speed 5  m/sec 0.225 0.994 0.29 4.42 0.54 0.01204 4.42 0.54 0.01204 0.0225 

Rotor Diam 120  m 0.275 0.947 0.24 4.23 0.51 0.01407 4.23 0.51 0.01407 0.0275 

Rotation Period 4.96  sec 0.325 0.899 0.20 4.04 0.49 0.01587 4.04 0.49 0.01587 0.0325 

   0.375 0.851 0.18 3.84 0.46 0.01743 3.84 0.46 0.01743 0.0375 

   0.425 0.804 0.15 3.65 0.44 0.01876 3.65 0.44 0.01876 0.0425 

   0.475 0.756 0.14 3.45 0.42 0.01985 3.45 0.42 0.01985 0.0475 

Bird aspect ratio:   0.45  0.525 0.708 0.13 3.26 0.39 0.02070 3.26 0.39 0.02070 0.0525 

   0.575 0.660 0.11 3.07 0.37 0.02133 3.07 0.37 0.02133 0.0575 

   0.625 0.613 0.11 2.87 0.35 0.02171 2.87 0.35 0.02171 0.0625 

   0.675 0.565 0.10 2.68 0.32 0.02187 2.68 0.32 0.02187 0.0675 

   0.725 0.517 0.09 2.48 0.30 0.02179 2.48 0.30 0.02179 0.0725 

   0.775 0.470 0.08 2.29 0.28 0.02147 2.29 0.28 0.02147 0.0775 

   0.825 0.422 0.08 2.10 0.25 0.02092 2.10 0.25 0.02092 0.0825 

   0.875 0.374 0.08 1.90 0.23 0.02013 1.90 0.23 0.02013 0.0875 

   0.925 0.327 0.07 1.71 0.21 0.01911 1.71 0.21 0.01911 0.0925 

   0.975 0.279 0.07 1.51 0.18 0.01786 1.51 0.18 0.01786 0.0975 

             
    Overall p(collision) = Upwind 32.1%  Downwind 32.1% 1.00 

             
        Average 32.1%    
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Collision Probability Calculation for Red-necked Phalarope (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.2  m 0.025 0.575 2.45 2.37 0.41 0.00051 3.35 0.58 0.00072 

Wingspan 0.38  m 0.075 0.575 0.82 2.30 0.40 0.00299 2.63 0.46 0.00341 

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.49 2.85 0.49 0.00617 3.09 0.53 0.00668 

   0.175 0.860 0.35 3.49 0.60 0.01058 3.70 0.64 0.01121 

Bird speed 5.2  m/sec 0.225 0.994 0.27 4.03 0.70 0.01571 4.22 0.73 0.01643 

Rotor Diam 90  m 0.275 0.947 0.22 3.86 0.67 0.01840 4.01 0.69 0.01909 

Rotation Period 3.33  sec 0.325 0.899 0.19 3.69 0.64 0.02076 3.80 0.66 0.02142 

   0.375 0.851 0.16 3.51 0.61 0.02280 3.61 0.62 0.02343 

   0.425 0.804 0.14 3.33 0.58 0.02452 3.41 0.59 0.02511 

   0.475 0.756 0.13 3.15 0.55 0.02591 3.22 0.56 0.02646 

Bird aspect ratio:   0.53  0.525 0.708 0.12 2.97 0.51 0.02697 3.02 0.52 0.02749 

   0.575 0.660 0.11 2.78 0.48 0.02771 2.83 0.49 0.02819 

   0.625 0.613 0.10 2.60 0.45 0.02812 2.64 0.46 0.02856 

   0.675 0.565 0.09 2.41 0.42 0.02820 2.45 0.42 0.02861 

   0.725 0.517 0.08 2.23 0.39 0.02796 2.26 0.39 0.02834 

   0.775 0.470 0.08 2.04 0.35 0.02739 2.07 0.36 0.02773 

   0.825 0.422 0.07 1.85 0.32 0.02650 1.88 0.32 0.02680 

   0.875 0.374 0.07 1.67 0.29 0.02528 1.69 0.29 0.02555 

   0.925 0.327 0.07 1.48 0.26 0.02373 1.50 0.26 0.02397 

   0.975 0.279 0.06 1.29 0.22 0.02186 1.31 0.23 0.02206 

            

    
Overall p(collision) 
=  Upwind 41.2%  Downwind 42.1% 

            
        Average 41.7%   

 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment

 
 

ESB-146/2006 Issue 3, May 2009 Appendix 7B – Page 6 
 
 

Collision Probability Calculation for Red-necked Phalarope (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.2  m 0.025 0.575 2.74 3.00 0.35 0.00044 3.00 0.35 0.00044

Wingspan 0.38  m 0.075 0.575 0.91 2.56 0.30 0.00223 2.56 0.30 0.00223

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.55 2.99 0.35 0.00434 2.99 0.35 0.00434

   0.175 0.860 0.39 3.70 0.43 0.00753 3.70 0.43 0.00753

Bird speed 5.2  m/sec 0.225 0.994 0.30 4.24 0.49 0.01111 4.24 0.49 0.01111

Rotor Diam 120  m 0.275 0.947 0.25 4.05 0.47 0.01295 4.05 0.47 0.01295

Rotation Period 4.96  sec 0.325 0.899 0.21 3.86 0.45 0.01458 3.86 0.45 0.01458

   0.375 0.851 0.18 3.66 0.43 0.01597 3.66 0.43 0.01597

   0.425 0.804 0.16 3.47 0.40 0.01714 3.47 0.40 0.01714

   0.475 0.756 0.14 3.27 0.38 0.01809 3.27 0.38 0.01809

Bird aspect ratio:   0.53  0.525 0.708 0.13 3.08 0.36 0.01881 3.08 0.36 0.01881

   0.575 0.660 0.12 2.89 0.34 0.01930 2.89 0.34 0.01930

   0.625 0.613 0.11 2.69 0.31 0.01957 2.69 0.31 0.01957

   0.675 0.565 0.10 2.50 0.29 0.01961 2.50 0.29 0.01961

   0.725 0.517 0.09 2.30 0.27 0.01943 2.30 0.27 0.01943

   0.775 0.470 0.09 2.11 0.25 0.01902 2.11 0.25 0.01902

   0.825 0.422 0.08 1.92 0.22 0.01839 1.92 0.22 0.01839

   0.875 0.374 0.08 1.72 0.20 0.01753 1.72 0.20 0.01753

   0.925 0.327 0.07 1.53 0.18 0.01644 1.53 0.18 0.01644

   0.975 0.279 0.07 1.33 0.16 0.01513 1.33 0.16 0.01513

            

    
Overall p(collision) 
=  Upwind 28.8%  Downwind 28.8%

            
        Average 28.8%   
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Collision Probability Calculation for Cattle Egret (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.53  m 0.025 0.575 3.39 3.69 0.46 0.00058 5.04 0.63 0.00079

Wingspan 0.97  m 0.075 0.575 1.13 2.74 0.34 0.00257 3.19 0.40 0.00299

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.68 3.02 0.38 0.00473 3.35 0.42 0.00524

   0.175 0.860 0.48 3.78 0.47 0.00828 4.07 0.51 0.00891

Bird speed 7.2  m/sec 0.225 0.994 0.38 4.32 0.54 0.01217 4.58 0.57 0.01290

Rotor Diam 90  m 0.275 0.947 0.31 4.16 0.52 0.01433 4.37 0.55 0.01502

Rotation Period 3.33  sec 0.325 0.899 0.26 4.00 0.50 0.01625 4.16 0.52 0.01691

   0.375 0.851 0.23 3.82 0.48 0.01793 3.95 0.49 0.01856

   0.425 0.804 0.20 3.64 0.46 0.01938 3.76 0.47 0.01997

   0.475 0.756 0.18 3.47 0.43 0.02060 3.56 0.45 0.02115

Bird aspect ratio:   0.55  0.525 0.708 0.16 3.28 0.41 0.02157 3.36 0.42 0.02209

   0.575 0.660 0.15 3.10 0.39 0.02232 3.17 0.40 0.02280

   0.625 0.613 0.14 2.92 0.37 0.02282 2.98 0.37 0.02327

   0.675 0.565 0.13 2.73 0.34 0.02310 2.78 0.35 0.02351

   0.725 0.517 0.12 2.55 0.32 0.02313 2.59 0.32 0.02351

   0.775 0.470 0.11 2.37 0.30 0.02293 2.40 0.30 0.02328

   0.825 0.422 0.10 2.18 0.27 0.02250 2.21 0.28 0.02281

   0.875 0.374 0.10 1.99 0.25 0.02183 2.02 0.25 0.02210

   0.925 0.327 0.09 1.81 0.23 0.02092 1.83 0.23 0.02116

   0.975 0.279 0.09 1.62 0.20 0.01978 1.64 0.21 0.01999

            

    
Overall p(collision) 
=  Upwind 33.8%  Downwind 34.7%

            
        Average 34.2%   
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Collision Probability Calculation for Cattle Egret (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.53  m 0.025 0.575 3.79 4.68 0.39 0.00049 4.68 0.39 0.00049 

Wingspan 0.97  m 0.075 0.575 1.26 3.12 0.26 0.00196 3.12 0.26 0.00196 

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.76 3.32 0.28 0.00349 3.32 0.28 0.00349 

   0.175 0.860 0.54 4.03 0.34 0.00592 4.03 0.34 0.00592 

Bird speed 7.2  m/sec 0.225 0.994 0.42 4.57 0.38 0.00865 4.57 0.38 0.00865 

Rotor Diam 120  m 0.275 0.947 0.34 4.38 0.37 0.01012 4.38 0.37 0.01012 

Rotation Period 4.96  sec 0.325 0.899 0.29 4.19 0.35 0.01143 4.19 0.35 0.01143 

   0.375 0.851 0.25 3.99 0.34 0.01258 3.99 0.34 0.01258 

   0.425 0.804 0.22 3.80 0.32 0.01356 3.80 0.32 0.01356 

   0.475 0.756 0.20 3.60 0.30 0.01438 3.60 0.30 0.01438 

Bird aspect ratio:   0.55  0.525 0.708 0.18 3.41 0.29 0.01504 3.41 0.29 0.01504 

   0.575 0.660 0.16 3.22 0.27 0.01553 3.22 0.27 0.01553 

   0.625 0.613 0.15 3.02 0.25 0.01587 3.02 0.25 0.01587 

   0.675 0.565 0.14 2.83 0.24 0.01604 2.83 0.24 0.01604 

   0.725 0.517 0.13 2.63 0.22 0.01604 2.63 0.22 0.01604 

   0.775 0.470 0.12 2.44 0.20 0.01589 2.44 0.20 0.01589 

   0.825 0.422 0.11 2.25 0.19 0.01557 2.25 0.19 0.01557 

   0.875 0.374 0.11 2.05 0.17 0.01508 2.05 0.17 0.01508 

   0.925 0.327 0.10 1.86 0.16 0.01444 1.86 0.16 0.01444 

   0.975 0.279 0.10 1.66 0.14 0.01363 1.66 0.14 0.01363 

            

    
Overall p(collision) 
=  Upwind 23.6%  Downwind 23.6% 

            
        Average 23.6%   
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Collision Probability Calculation for Aleutian Tern (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.38  m 0.025 0.575 2.59 3.09 0.51 0.00063 4.12 0.67 0.00084

Wingspan 0.81  m 0.075 0.575 0.86 2.54 0.42 0.00312 2.89 0.47 0.00354

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.52 2.91 0.48 0.00596 3.16 0.52 0.00647

   0.175 0.860 0.37 3.66 0.60 0.01050 3.88 0.64 0.01113

Bird speed 5.5  m/sec 0.225 0.994 0.29 4.20 0.69 0.01549 4.40 0.72 0.01622

Rotor Diam 90  m 0.275 0.947 0.24 4.04 0.66 0.01819 4.19 0.69 0.01888

Rotation Period 3.33  sec 0.325 0.899 0.20 3.86 0.63 0.02057 3.99 0.65 0.02123

   0.375 0.851 0.17 3.69 0.60 0.02265 3.79 0.62 0.02327

   0.425 0.804 0.15 3.51 0.57 0.02442 3.59 0.59 0.02501

   0.475 0.756 0.14 3.33 0.54 0.02588 3.40 0.56 0.02643

Bird aspect ratio:   0.47  0.525 0.708 0.12 3.14 0.51 0.02703 3.20 0.52 0.02755

   0.575 0.660 0.11 2.96 0.48 0.02788 3.01 0.49 0.02836

   0.625 0.613 0.10 2.78 0.45 0.02841 2.82 0.46 0.02886

   0.675 0.565 0.10 2.59 0.42 0.02864 2.63 0.43 0.02905

   0.725 0.517 0.09 2.40 0.39 0.02856 2.44 0.40 0.02894

   0.775 0.470 0.08 2.22 0.36 0.02817 2.25 0.37 0.02852

   0.825 0.422 0.08 2.03 0.33 0.02747 2.06 0.34 0.02778

   0.875 0.374 0.07 1.85 0.30 0.02647 1.87 0.31 0.02674

   0.925 0.327 0.07 1.66 0.27 0.02516 1.68 0.27 0.02540

   0.975 0.279 0.07 1.47 0.24 0.02353 1.49 0.24 0.02374

            
    Overall p(collision) = Upwind 41.9%  Downwind 42.8%

            
        Average 42.3%   
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Collision Probability Calculation for Aleutian Tern (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.38  m 0.025 0.575 2.89 3.83 0.42 0.00053 3.83 0.42 0.00053

Wingspan 0.81  m 0.075 0.575 0.96 2.84 0.31 0.00234 2.84 0.31 0.00234

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.58 3.15 0.35 0.00433 3.15 0.35 0.00433

   0.175 0.860 0.41 3.88 0.43 0.00746 3.88 0.43 0.00746

Bird speed 5.5  m/sec 0.225 0.994 0.32 4.42 0.49 0.01095 4.42 0.49 0.01095

Rotor Diam 120  m 0.275 0.947 0.26 4.23 0.47 0.01279 4.23 0.47 0.01279

Rotation Period 4.96  sec 0.325 0.899 0.22 4.04 0.44 0.01442 4.04 0.44 0.01442

   0.375 0.851 0.19 3.84 0.42 0.01584 3.84 0.42 0.01584

   0.425 0.804 0.17 3.65 0.40 0.01705 3.65 0.40 0.01705

   0.475 0.756 0.15 3.45 0.38 0.01804 3.45 0.38 0.01804

Bird aspect ratio:   0.47  0.525 0.708 0.14 3.26 0.36 0.01882 3.26 0.36 0.01882

   0.575 0.660 0.13 3.07 0.34 0.01939 3.07 0.34 0.01939

   0.625 0.613 0.12 2.87 0.32 0.01974 2.87 0.32 0.01974

   0.675 0.565 0.11 2.68 0.29 0.01988 2.68 0.29 0.01988

   0.725 0.517 0.10 2.48 0.27 0.01981 2.48 0.27 0.01981

   0.775 0.470 0.09 2.29 0.25 0.01952 2.29 0.25 0.01952

   0.825 0.422 0.09 2.10 0.23 0.01902 2.10 0.23 0.01902

   0.875 0.374 0.08 1.90 0.21 0.01830 1.90 0.21 0.01830

   0.925 0.327 0.08 1.71 0.19 0.01738 1.71 0.19 0.01738

   0.975 0.279 0.07 1.51 0.17 0.01623 1.51 0.17 0.01623

            
    Overall p(collision) = Upwind 29.2%  Downwind 29.2%

            
        Average 29.2%   
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Collision Probability Calculation for White-winged Black Tern (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.23  m 0.025 0.575 2.26 2.70 0.51 0.00063 3.60 0.67 0.00084 

Wingspan 0.61  m 0.075 0.575 0.75 2.41 0.45 0.00339 2.71 0.51 0.00382 

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.45 2.83 0.53 0.00665 3.05 0.57 0.00716 

   0.175 0.860 0.32 3.53 0.66 0.01159 3.72 0.70 0.01221 

Bird speed 4.8  m/sec 0.225 0.994 0.25 4.07 0.76 0.01717 4.24 0.80 0.01790 

Rotor Diam 90  m 0.275 0.947 0.21 3.90 0.73 0.02012 4.03 0.76 0.02081 

Rotation Period 3.33  sec 0.325 0.899 0.17 3.72 0.70 0.02271 3.83 0.72 0.02336 

   0.375 0.851 0.15 3.54 0.67 0.02494 3.63 0.68 0.02557 

   0.425 0.804 0.13 3.36 0.63 0.02683 3.44 0.65 0.02741 

   0.475 0.756 0.12 3.18 0.60 0.02836 3.24 0.61 0.02891 

Bird aspect ratio:   0.38  0.525 0.708 0.11 3.00 0.56 0.02953 3.05 0.57 0.03005 

   0.575 0.660 0.10 2.81 0.53 0.03036 2.86 0.54 0.03084 

   0.625 0.613 0.09 2.63 0.49 0.03083 2.67 0.50 0.03128 

   0.675 0.565 0.08 2.44 0.46 0.03095 2.48 0.46 0.03136 

   0.725 0.517 0.08 2.26 0.42 0.03071 2.28 0.43 0.03109 

   0.775 0.470 0.07 2.07 0.39 0.03012 2.09 0.39 0.03047 

   0.825 0.422 0.07 1.88 0.35 0.02918 1.90 0.36 0.02949 

   0.875 0.374 0.06 1.70 0.32 0.02789 1.71 0.32 0.02816 

   0.925 0.327 0.06 1.51 0.28 0.02624 1.53 0.29 0.02648 

   0.975 0.279 0.06 1.32 0.25 0.02424 1.34 0.25 0.02444 

            

    
Overall p(collision) 
=  Upwind 45.2%  Downwind 46.2% 

            
        Average 45.7%   
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Collision Probability Calculation for White-winged Black Tern (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.23  m 0.025 0.575 2.53 3.32 0.42 0.00052 3.32 0.42 0.00052

Wingspan 0.61  m 0.075 0.575 0.84 2.67 0.34 0.00252 2.67 0.34 0.00252

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.51 3.05 0.38 0.00480 3.05 0.38 0.00480

   0.175 0.860 0.36 3.73 0.47 0.00822 3.73 0.47 0.00822

Bird speed 4.8  m/sec 0.225 0.994 0.28 4.27 0.54 0.01212 4.27 0.54 0.01212

Rotor Diam 120  m 0.275 0.947 0.23 4.08 0.51 0.01414 4.08 0.51 0.01414

Rotation Period 4.96  sec 0.325 0.899 0.19 3.89 0.49 0.01591 3.89 0.49 0.01591

   0.375 0.851 0.17 3.69 0.47 0.01745 3.69 0.47 0.01745

   0.425 0.804 0.15 3.50 0.44 0.01873 3.50 0.44 0.01873

   0.475 0.756 0.13 3.30 0.42 0.01978 3.30 0.42 0.01978

Bird aspect ratio:   0.38  0.525 0.708 0.12 3.11 0.39 0.02057 3.11 0.39 0.02057

   0.575 0.660 0.11 2.92 0.37 0.02113 2.92 0.37 0.02113

   0.625 0.613 0.10 2.72 0.34 0.02144 2.72 0.34 0.02144

   0.675 0.565 0.09 2.53 0.32 0.02150 2.53 0.32 0.02150

   0.725 0.517 0.09 2.33 0.29 0.02132 2.33 0.29 0.02132

   0.775 0.470 0.08 2.14 0.27 0.02090 2.14 0.27 0.02090

   0.825 0.422 0.08 1.95 0.25 0.02023 1.95 0.25 0.02023

   0.875 0.374 0.07 1.75 0.22 0.01932 1.75 0.22 0.01932

   0.925 0.327 0.07 1.56 0.20 0.01816 1.56 0.20 0.01816

   0.975 0.279 0.06 1.36 0.17 0.01676 1.36 0.17 0.01676

            

    
Overall p(collision) 
=  Upwind 31.6%  Downwind 31.6%

            
        Average 31.6%   
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Collision Probability Calculation for Black-tailed Gull (Scenario A) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 3.96  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 95 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.48  m 0.025 0.575 3.72 4.47 0.51 0.00064 5.94 0.68 0.00085

Wingspan 1.24  m 0.075 0.575 1.24 3.00 0.34 0.00257 3.49 0.40 0.00299

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.74 3.17 0.36 0.00453 3.54 0.40 0.00504

   0.175 0.860 0.53 3.65 0.42 0.00729 3.97 0.45 0.00792

Bird speed 7.9  m/sec 0.225 0.994 0.41 4.11 0.47 0.01054 4.39 0.50 0.01127

Rotor Diam 90  m 0.275 0.947 0.34 4.10 0.47 0.01287 4.33 0.49 0.01356

Rotation Period 3.33  sec 0.325 0.899 0.29 3.94 0.45 0.01459 4.12 0.47 0.01525

   0.375 0.851 0.25 3.77 0.43 0.01610 3.91 0.45 0.01673

   0.425 0.804 0.22 3.59 0.41 0.01740 3.71 0.42 0.01798

   0.475 0.756 0.20 3.41 0.39 0.01847 3.51 0.40 0.01903

Bird aspect ratio:   0.39  0.525 0.708 0.18 3.23 0.37 0.01934 3.32 0.38 0.01986

   0.575 0.660 0.16 3.05 0.35 0.01999 3.12 0.36 0.02047

   0.625 0.613 0.15 2.87 0.33 0.02043 2.93 0.33 0.02087

   0.675 0.565 0.14 2.68 0.31 0.02065 2.74 0.31 0.02106

   0.725 0.517 0.13 2.50 0.28 0.02065 2.54 0.29 0.02103

   0.775 0.470 0.12 2.31 0.26 0.02044 2.35 0.27 0.02079

   0.825 0.422 0.11 2.13 0.24 0.02002 2.16 0.25 0.02033

   0.875 0.374 0.11 1.94 0.22 0.01938 1.97 0.22 0.01966

   0.925 0.327 0.10 1.76 0.20 0.01853 1.78 0.20 0.01877

   0.975 0.279 0.10 1.57 0.18 0.01747 1.59 0.18 0.01767

            
    Overall p(collision) = Upwind 30.2%  Downwind 31.1%

            
        Average 30.7%   
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Collision Probability Calculation for Black-tailed Gull (Scenario B) 

K:  [1D or [3D] (0 or 1) 1  Calculation of alpha and p(collision) as a function of radius    

No of Blades 3     Upwind: Downwind: 

Max. Chord Width 4.067  m r/R c/C  collide  contribution collide  contribution 

Pitch (degrees) 90 radius chord alpha length p(collision) from radius r length p(collision) from radius r 

              

Bird Length 0.48  m 0.025 0.575 4.16 5.62 0.43 0.00054 5.62 0.43 0.00054

Wingspan 1.24  m 0.075 0.575 1.39 3.43 0.26 0.00197 3.43 0.26 0.00197

F: Flapping (0) or gliding (+1) 1  0.125 0.702 0.83 3.51 0.27 0.00336 3.51 0.27 0.00336

   0.175 0.860 0.59 3.97 0.30 0.00531 3.97 0.30 0.00531

Bird speed 7.9  m/sec 0.225 0.994 0.46 4.41 0.34 0.00759 4.41 0.34 0.00759

Rotor Diam 120  m 0.275 0.947 0.38 4.33 0.33 0.00912 4.33 0.33 0.00912

Rotation Period 4.96  sec 0.325 0.899 0.32 4.14 0.32 0.01029 4.14 0.32 0.01029

   0.375 0.851 0.28 3.94 0.30 0.01132 3.94 0.30 0.01132

   0.425 0.804 0.24 3.75 0.29 0.01220 3.75 0.29 0.01220

   0.475 0.756 0.22 3.55 0.27 0.01292 3.55 0.27 0.01292

Bird aspect ratio:   0.39  0.525 0.708 0.20 3.36 0.26 0.01351 3.36 0.26 0.01351

   0.575 0.660 0.18 3.17 0.24 0.01394 3.17 0.24 0.01394

   0.625 0.613 0.17 2.97 0.23 0.01422 2.97 0.23 0.01422

   0.675 0.565 0.15 2.78 0.21 0.01436 2.78 0.21 0.01436

   0.725 0.517 0.14 2.58 0.20 0.01434 2.58 0.20 0.01434

   0.775 0.470 0.13 2.39 0.18 0.01418 2.39 0.18 0.01418

   0.825 0.422 0.13 2.20 0.17 0.01387 2.20 0.17 0.01387

   0.875 0.374 0.12 2.00 0.15 0.01341 2.00 0.15 0.01341

   0.925 0.327 0.11 1.81 0.14 0.01280 1.81 0.14 0.01280

   0.975 0.279 0.11 1.61 0.12 0.01205 1.61 0.12 0.01205

            
    Overall p(collision) = Upwind 21.1%  Downwind 21.1%

            
        Average 21.1%   
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Fisheries Questionnaire



Asiatic Marine Limited  Tel: (852) 2104 2297  
GPO Box 9726  Mobile: (852) 9831 5410 
Central  Email: cfrew@asiaticmarine.com 
Hong Kong SAR  http://www.asiaticmarine.com 

 

Fisheries Questionnaire 
 
 
Sample Number:___________________________ Interview Date:__________________________________________ 
 
 
Name:___________________________________  Contact No: ____________________________________________ 
 

 
 

Do you have any objection to being video interviewed?  Y / N 
 
Fishing Activity 
 
Vessel Length (m)____________________________ Engine Power________________________________________ 
   
 
No. of crew ____________               % from HKSAR / Mainland  ____________%    /  _____________ %  (=100%)  
 
 
Home Port ________________________________   Fishing Gear/type used __________________________________ 
 
 
Please indicate on map provided, CORE area of fishing (map of eastern waters). 
 
 
% time in a year fishing in the CORE area _________%;  Peak Months & days/month __________________________ 
 
 
% time in a year fishing in EASTERN WATERS_______%;  Peak Months & days/month _______________________ 
 
 
% time in a year fishing in ELSEWHERE ________%; Peak Months & days/month _________________   ( = 100%)  
 
 
% income earned per unit effort in CORE area  _______%; EASTERN Waters ________%; ELSEWHERE________%  
( =100%) 
 
What species do you target (% of your catch)? __________________________________________________________ 
 
 
Please name 5 commonly caught fish/species you catch in the CORE area?  
 
________________________________________________________________________________________________  
 
Please mark KEY spawning / nursery area(s) on the provided map.  
 
Size of avg. catch (kg) per unit effort in CORE area  _________; EASTERN waters_________; Elsewhere: _________ 
 
 
Please suggest the most effective way to improve the fish stocks in Eastern Waters.   
 
________________________________________________________________________________________________ 
 
OTHER QUESTIONS 
 
Have you ever seen any dolphins/porpoises/marine mammals in eastern waters and how often? Y / N_______________

 

Asiatic Marine Limited 



Asiatic Marine Limited  Tel: (852) 2104 2297  
GPO Box 9726  Mobile: (852) 9831 5410 
Central  Email: cfrew@asiaticmarine.com 
Hong Kong SAR  http://www.asiaticmarine.com 

捕漁業問卷調查 
 
 
樣本編號:___________________________________ 訪問日期:__________________________________________ 
 
 
訪者姓名:___________________________________  聯絡號碼: __________________________________________ 
 

 
 

你願不願意我們在訪問時錄影? 願意 / 不願意  
 
捕魚活動 
 
船長 (米)  ____________________________ 引擎馬力________________________________________ 
   
 
船員數目 ____________   來自香港 / 大陸的百分比 (%)  ______________%    /  _______________ %  (=100%)  
 
 
停泊位置 ________________________________   使用捕魚工具/方式 __________________________________ 
 
 
請在提供的地圖上顯示你捕魚的核心水域位置  
  
 
每年在核心水域的捕魚時間所佔的百分比 _________%;  旺季月份及每月幾天  ____________________________ 
 
 
每年在東面水域的捕魚時間所佔的百分比 _________%;  旺季月份及每月幾天  ____________________________ 
 
 
每年在其他水域的捕魚時間所佔的百分比 _________%;  旺季月份及每月幾天  ____________________________ 
 
 
你每次出海捕魚的漁獲收入百分比: 核心水域________%; 東面水域________%; 其他水域________%   (=100%) 
 
 
你的目標漁獲是什麼品種 (它們佔漁獲的百分比)? ____________________________________________________ 
 
 
請列出 5 種你在核心水域最常捕獲到的魚?  
 
________________________________________________________________________________________________  
 
請在提供的地圖上顯示主要的魚苗 /產卵水域..  
 
你每次在核心水域捕魚的平均漁獲量(公斤)為:核心水域__________; 東面水域__________; 其他水域__________  
 
請建議最有效改善東面水域的魚類數目.   
 
________________________________________________________________________________________________ 
 
其他問題 
你有否在東面水域曾經見過任何海豚  / 江豚  (海豬) / 海洋哺乳動物以及目擊頻率? 有 / 否___________________ 

Asiatic Marine Limited 



 

Asiatic Marine Limited  Tel: (852) 2104 2297  
GPO Box 9726  Mobile: (852) 9831 5410 
Central  Email: cfrew@asiaticmarine.com 
Hong Kong SAR  http://www.asiaticmarine.com 
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Vessel Survey
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Reference Sheet for Vessel Survey 
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Vessel Sightings 
 

Date Time Vessel Type Number X Coordinate Y Coordinate 

16/01/2007 11:00 Sampan 3 864600 820500 

16/01/2007 14:00 Hand liner 1 856250 814250 

16/01/2007 14:00 Hand liner 1 854300 815050 

16/01/2007 14:00 Hand liner 1 854300 815950 

16/01/2007 14:00 Hand liner 1 853100 814450 

16/01/2007 14:00 Hand liner 1 850500 815650 

16/01/2007 12:00 Hand liner 1 850450 811250 

16/01/2007 15:00 Hand liner 1 857150 816400 

16/01/2007 16:00 Shrimp trawler 1 866250 820350 

16/01/2007 16:00 Pair trawler 1 864050 819900 

16/01/2007 16:00 Shrimp trawler 1 864050 819900 

16/01/2007 16:00 Shrimp trawler 1 855950 820500 

16/01/2007 16:00 Hand liner 1 856450 819000 

16/01/2007 12:00 Gill netter 5 854200 811750 

16/01/2007 16:00 Gill netter 1 855400 819050 

09/02/2007 1:000 Stern trawler 1 865850 806250 

09/02/2007 1:000 Long liner 1 854650 806150 

09/02/2007 1:000 Stern trawler 1 855850 806250 

09/02/2007 11:00 Hand liner 1 854850 812500 

09/02/2007 11:00 Hand liner 1 855500 812650 

09/02/2007 11:00 Stern trawler 1 856650 813950 

09/02/2007 11:00 Stern trawler 1 860550 806250 

09/02/2007 12:00 Hand liner 1 857500 811200 

09/02/2007 12:00 Hand liner 1 860050 811000 

09/02/2007 12:00 Hand liner 1 858400 814100 

09/02/2007 12:00 Pair trawler 1 857150 807750 

09/02/2007 14:00 Hand liner 1 858000 807600 

09/02/2007 14:00 Hand liner 1 856550 808250 

09/02/2007 14:00 Hand liner 1 858300 816400 

09/02/2007 14:00 Hand liner 1 851950 816100 

09/02/2007 14:00 Hand liner 1 849800 815700 

09/02/2007 14:00 Stern trawler 1 849650 816650 

09/02/2007 15:00 Stern trawler 1 865600 816900 

09/02/2007 16:00 Stern trawler 1 868150 814700 

09/02/2007 16:00 Long liner 1 867200 814150 

09/02/2007 16:00 Hang trawler 1 855150 815700 

09/02/2007 16:00 Hang trawler 1 856800 818600 

09/02/2007 16:00 Purse seiner 1 856600 819250 

09/02/2007 16:00 Hand liner 1 856350 819900 

09/02/2007 16:00 Hand liner 1 856450 820650 

14/02/2007 11:00 Hand liner 1 857250 812300 

14/02/2007 11:00 Hand liner 1 855400 811800 
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Date Time Vessel Type Number X Coordinate Y Coordinate 

14/02/2007 11:00 Hand liner 1 855750 812300 

14/02/2007 13:00 Hand liner 1 856450 813900 

14/02/2007 14:00 Purse seiner 1 860000 813650 

14/02/2007 14:00 Hand liner 1 860050 812750 

14/02/2007 14:00 Shrimp trawler 1 858800 813400 

14/02/2007 15:00 Long liner 1 858150 814450 

14/02/2007 15:00 Long liner 1 856400 814450 

14/02/2007 16:00 Long liner 1 857550 821300 

14/02/2007 16:00 Hand liner 1 859100 818500 

05/03/2007 1:000 Stern trawler 1 857450 807500 

05/03/2007 1:000 Stern trawler 1 859050 807100 

05/03/2007 1:000 Stern trawler 1 859800 807100 

05/03/2007 1:000 Stern trawler 1 861850 807050 

05/03/2007 1:000 Shrimp trawler 1 862700 807950 

05/03/2007 1:000 Shrimp trawler 1 863350 808200 

05/03/2007 1:000 Pair trawler 1 866550 808650 

05/03/2007 1:000 Stern trawler 1 865500 809550 

05/03/2007 1:000 Stern trawler 1 864850 810450 

05/03/2007 11:00 Stern trawler 1 859600 809150 

05/03/2007 11:00 Long liner 1 858500 809600 

05/03/2007 11:00 Hand liner 1 856550 812350 

05/03/2007 11:00 Stern trawler 1 855600 809650 

05/03/2007 11:00 Hand liner 1 853650 810700 

05/03/2007 13:00 Hand liner 1 862750 813350 

05/03/2007 13:00 Hand liner 1 858600 812050 

05/03/2007 13:00 Hand liner 1 858150 814700 

05/03/2007 13:00 Long liner 1 859800 815700 

05/03/2007 13:00 Hand liner 1 855050 811400 

05/03/2007 13:00 Stern trawler 1 857450 808800 

05/03/2007 13:00 Stern trawler 1 858100 808550 

05/03/2007 13:00 Stern trawler 1 856550 809500 

05/03/2007 13:00 Stern trawler 1 859550 808150 

05/03/2007 13:00 Stern trawler 1 860450 807950 

05/03/2007 13:00 Stern trawler 1 861650 808500 

05/03/2007 13:00 Long liner 1 863500 811800 

05/03/2007 14:00 Pair trawler 1 856350 817950 

05/03/2007 14:00 Long liner 1 855100 811400 

05/03/2007 14:00 Hand liner 1 858350 810700 

05/03/2007 15:00 Stern trawler 1 858300 818100 

05/03/2007 15:00 Stern trawler 1 859250 815100 

05/03/2007 15:00 Purse seiner 1 859000 818550 

05/03/2007 15:00 Purse seiner 1 863250 817200 

05/03/2007 17:00 Pair trawler 1 859900 821300 

05/03/2007 17:00 Stern trawler 1 858450 820250 



Hong Kong Offshore Wind Limited Hong Kong Offshore Wind Farm in Southeastern Waters 
Environmental Impact Assessment 

 
 

ESB-146/2006 Issue 3, May 2009
 
 

Date Time Vessel Type Number X Coordinate Y Coordinate 

05/03/2007 17:00 Hand liner 1 861350 819700 

05/03/2007 17:00 Hand liner 1 855400 821000 

05/03/2007 17:00 Hand liner 1 855300 820600 

05/03/2007 17:00 Hand liner 1 854450 820950 

05/03/2007 17:00 Hand liner 1 855500 818050 

16/03/2007 1:000 Stern trawler 1 857650 808800 

16/03/2007 11:00 Stern trawler 1 855850 810100 

16/03/2007 11:00 Hand liner 1 853950 811550 

16/03/2007 11:00 Hand liner 1 855450 812200 

16/03/2007 11:00 Hand liner 1 856400 813100 

16/03/2007 11:00 Hand liner 1 857400 813100 

16/03/2007 11:00 Hand liner 1 859500 812150 

16/03/2007 13:00 Stern trawler 1 859750 810650 

16/03/2007 13:00 Pair trawler 1 860350 815750 

16/03/2007 13:00 Pair trawler 1 859300 815700 

16/03/2007 14:00 Hand liner 3 854400 814300 

16/03/2007 14:00 Hand liner 1 858750 815500 

16/03/2007 15:00 Pair trawler 1 855850 811150 

16/03/2007 15:00 Pair trawler 1 856300 811100 

16/03/2007 15:00 Stern trawler 1 862450 817350 

16/03/2007 15:00 Hand liner 1 854950 817850 

16/03/2007 16:00 Stern trawler 1 864000 819450 

16/03/2007 16:00 Stern trawler 1 864500 818500 

16/03/2007 16:00 Stern trawler 1 858600 821100 

16/03/2007 16:00 Hand liner 1 856200 820050 

16/03/2007 16:00 Hand liner 1 856200 818400 

27/03/2007 1:000 Gill netter 1 852650 812600 

27/03/2007 11:00 Purse seiner 1 860600 807450 

27/03/2007 11:00 Purse seiner 1 857800 807400 

27/03/2007 11:00 Hand liner 1 858950 816550 

27/03/2007 11:00 Long liner 1 857300 816550 

27/03/2007 12:00 Hand liner 1 864050 811500 

27/03/2007 12:00 Hand liner 1 863550 814250 

27/03/2007 12:00 Hand liner 1 859300 807050 

27/03/2007 12:00 Hand liner 1 859700 814000 

27/03/2007 14:00 Hand liner 1 854850 815300 

27/03/2007 15:00 Hand liner 1 860800 818050 

27/03/2007 15:00 Hand liner 1 856150 816700 

27/03/2007 15:00 Stern trawler 1 865350 810300 

27/03/2007 15:00 Long liner 1 864150 809300 

27/03/2007 16:00 Hand liner 1 857850 817900 

13/04/2007 1:000 Shrimp trawler 1 862600 807500 

13/04/2007 1:000 Shrimp trawler 1 866750 812300 

13/04/2007 11:00 Hand liner 1 853650 811250 
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Date Time Vessel Type Number X Coordinate Y Coordinate 

13/04/2007 11:00 Hand liner 1 854200 812300 

13/04/2007 11:00 Long liner 1 863100 807050 

13/04/2007 13:00 Shrimp trawler 1 862600 816400 

13/04/2007 13:00 Long liner 1 859850 809000 

13/04/2007 13:00 Stern trawler 1 856300 807750 

13/04/2007 15:00 Hand liner 1 858500 819300 

02/05/2007 11:00 Stern trawler 1 858500 808950 

02/05/2007 11:00 Hand liner 1 854250 810700 

02/05/2007 11:00 Gill netter 1 854900 812000 

02/05/2007 11:00 Stern trawler 1 864950 813000 

02/05/2007 12:00 Long liner 1 855750 811150 

02/05/2007 14:00 Sampan 1 859600 818000 

02/05/2007 12:00 Stern trawler 1 855600 811700 

02/05/2007 15:00 Stern trawler 1 858250 818300 

02/05/2007 14:00 Stern trawler 1 860350 819650 

02/05/2007 16:00 Stern trawler 1 857500 818300 

02/05/2007 16:00 Stern trawler 1 860350 818050 

07/05/2007 1:000 Long liner 1 847900 807100 

07/05/2007 12:00 Shrimp trawler 1 848350 807300 

07/05/2007 12:00 Stern trawler 1 849000 812800 

07/05/2007 14:00 Hand liner 1 852250 814950 

07/05/2007 14:00 Stern trawler 1 852150 816950 

07/05/2007 15:00 Stern trawler 1 865100 820900 

07/05/2007 15:00 Hand liner 1 867250 816900 

07/05/2007 16:00 Stern trawler 1 858900 821000 

07/05/2007 16:00 Hand liner 1 860700 819100 

07/05/2007 16:00 Hand liner 1 862100 821100 

07/05/2007 16:00 Shrimp trawler 1 855900 815400 

17/05/2007 1:000 Stern trawler 1 852450 810100 

17/05/2007 1:000 Pair trawler 1 858950 812050 

17/05/2007 1:000 Stern trawler 1 856250 807950 

17/05/2007 1:000 Stern trawler 1 856850 807350 

17/05/2007 1:000 Stern trawler 1 856350 806350 

17/05/2007 1:000 Stern trawler 1 858600 807400 

17/05/2007 1:000 Pair trawler 1 855250 806350 

17/05/2007 1:000 Stern trawler 1 860400 806600 

17/05/2007 1:000 Stern trawler 1 862400 807300 

17/05/2007 1:000 Long liner 1 862400 809150 

17/05/2007 11:00 Stern trawler 1 864950 810300 

17/05/2007 11:00 Stern trawler 1 854100 809200 

17/05/2007 11:00 Hand liner 1 856150 813300 

17/05/2007 12:00 Hand liner 1 857500 811650 

17/05/2007 12:00 Stern trawler 1 857300 810350 

17/05/2007 14:00 Hand liner 1 850800 815800 
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Date Time Vessel Type Number X Coordinate Y Coordinate 

17/05/2007 15:00 Hand liner 1 853750 817100 

17/05/2007 15:00 Gill netter 1 854650 818200 

17/05/2007 15:00 Gill netter 1 856900 818400 

17/05/2007 15:00 Gill netter 1 857300 820100 

17/05/2007 15:00 Stern trawler 1 860350 819000 

17/05/2007 16:00 Long liner 1 859350 817900 

17/05/2007 16:00 Pair trawler 1 857350 814900 

17/05/2007 16:00 Shrimp trawler 1 853000 818350 

31/05/2007 1:000 Pair trawler 1 858600 818950 

31/05/2007 1:000 Stern trawler 1 860650 819450 

31/05/2007 1:000 Stern trawler 1 864600 808200 

31/05/2007 1:000 Stern trawler 1 859750 806600 

31/05/2007 1:000 Stern trawler 1 866400 809150 

31/05/2007 1:000 Stern trawler 1 856500 805950 

31/05/2007 11:00 Pair trawler 1 854100 818350 

31/05/2007 11:00 Hand liner 1 857950 819250 

31/05/2007 11:00 Hand liner 1 857750 818200 

31/05/2007 11:00 Hand liner 1 856950 818400 

31/05/2007 11:00 Hand liner 1 850450 813400 

31/05/2007 11:00 Stern trawler 1 849450 813900 

31/05/2007 11:00 Stern trawler 1 848800 813300 

31/05/2007 11:00 Hand liner 1 854050 809250 

31/05/2007 12:00 Hand liner 1 854550 811700 

31/05/2007 12:00 Pair trawler 1 855550 809850 

31/05/2007 12:00 Pair trawler 1 866100 813650 

31/05/2007 12:00 Stern trawler 1 856700 809850 

31/05/2007 12:00 Stern trawler 1 865700 814700 

31/05/2007 12:00 Hand liner 1 863500 814200 

31/05/2007 12:00 Stern trawler 1 859000 806950 

31/05/2007 14:00 Shrimp trawler 1 856950 807300 

31/05/2007 14:00 Stern trawler 1 850350 809950 

31/05/2007 14:00 Hand liner 1 849500 815250 

31/05/2007 14:00 Hand liner 1 850400 817900 

31/05/2007 14:00 Hand liner 1 851400 820400 

31/05/2007 14:00 Pair trawler 1 859150 822200 

31/05/2007 15:00 Stern trawler 1 861100 821100 

31/05/2007 15:00 Stern trawler 1 857050 820150 

31/05/2007 15:00 Hand liner 1 861450 819450 

31/05/2007 15:00 Stern trawler 1 866300 813450 

31/05/2007 16:00 Stern trawler 1 862550 821450 

31/05/2007 16:00 Stern trawler 1 865150 824050 

31/05/2007 16:00 Stern trawler 1 866050 823500 

31/05/2007 16:00 Hand liner 1 862500 819800 

31/05/2007 16:00 Stern trawler 1 867400 819600 
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Date Time Vessel Type Number X Coordinate Y Coordinate 

31/05/2007 16:00 Stern trawler 1 867400 814700 

31/05/2007 16:00 Stern trawler 1 866200 815400 

06/06/2007 11:00 Pair trawler 1 861400 810600 

06/06/2007 14:00 Long liner 1 855250 812250 

06/06/2007 14:00 Long liner 1 855800 810700 

06/06/2007 14:00 Stern trawler 1 858900 809750 

06/06/2007 14:00 Stern trawler 1 862100 810250 

06/06/2007 14:00 Long liner 1 865000 813250 

06/06/2007 15:00 Hand liner 1 858900 810850 

06/06/2007 15:00 Hand liner 1 851300 816300 

06/06/2007 15:00 Hand liner 1 852950 817150 

18/06/2007 1:000 Purse seiner 1 859200 806400 

18/06/2007 13:00 Hand liner 1 854650 811000 

18/06/2007 14:00 Hand liner 1 850800 813450 

18/06/2007 14:00 Hand liner 1 850750 814450 

18/06/2007 17:00 Shrimp trawler 1 861300 820150 

18/06/2007 17:00 Shrimp trawler 1 852150 816000 

18/06/2007 17:00 Shrimp trawler 1 852150 817000 

18/06/2007 17:00 Hand liner 1 852000 818650 

10/07/2007 1:000 Long liner 1 856200 810300 

10/07/2007 1:000 Long liner 1 859000 813400 

10/07/2007 1:000 Stern trawler 1 868300 807950 

10/07/2007 11:00 Pair trawler 1 868000 808350 

10/07/2007 11:00 Long liner 1 868700 812650 

10/07/2007 12:00 Hand liner 1 854950 814350 

10/07/2007 12:00 Hand liner 1 857650 813400 

10/07/2007 12:00 Hand liner 1 859400 814650 

10/07/2007 12:00 Long liner 1 860850 811150 

10/07/2007 12:00 Long liner 1 860500 808250 

10/07/2007 12:00 Long liner 1 854050 808250 

10/07/2007 14:00 Gill netter 1 856650 811600 

10/07/2007 14:00 Hand liner 1 857000 819950 

10/07/2007 14:00 Hand liner 1 857500 820000 

10/07/2007 14:00 Hand liner 1 857950 820000 

10/07/2007 15:00 Gill netter 1 856650 814400 

10/07/2007 16:00 Hand liner 1 867050 818750 

10/07/2007 1:000 Long liner 1 854100 809050 

06/06/2007 11:00 Long liner 1 852750 806250 

17/05/2007 1:000 Stern trawler 1 853850 807550 
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Sample Views of Vessel traffic from Observer Viewpoints (Note: vessels shown are not all fishing vessels)  
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Definition of Targets of Archaeological Potential 
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